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ALS Environmental, Houston HRMS is a professional analytical services laboratory, which 
performs chemical analyses on a wide variety of sample matrices, including drinking water, 
groundwater, surface water, wastewater, soil, sludge, sediment, tissue, industrial and hazardous 
waste, air, and other material. 

We recognize that quality assurance requires a commitment to uality by everyone in the 
organization - individually, within each operating unit, and thro@ t the entire laboratory. 
Laboratory management is committed to ensuring the effectiven~s of ·rs quality systems and 
to ensure that all tests are carried out in accordance to cuslo err~P,rements. Key elements 
of this commitment are set forth in SOP CE-GENO°'t, La6ora <?irf'(=thics and Data Integrity and 
in this Quality Assurance Manual (QAM). ALS - H<:>aston R S is committed to operate in 
accordance with these requirements and those of [egulatorr agencies, accrediting authorities, 
and certifying organizations. The laboratory also F°ves for improve e t through varying 
continuous improvement initiatives and project . 

Quality Management Systems are estabr ea im~lemented , and mai9' a1 ed B anagement. 
Policies and procedures are establis~d · orde te meet requirements of'<~~reditation bodies 
and applicable programs, such as the~neeart ent of Defense (DO~Ehvironmental Laboratory 
Accreditation Program, as well as ·e~t'~ua ffy objectives. Sy e,9) re.:pesigned so that there 
will be sufficient Quality Assur~nae (Gl ) activities conducted in t !~oratory to ensure that all 
analytical data generated and processetl will be scientific ly sob d, egally defensible, of known 
and documented quality,, nd""(ill a urately reflect the rnater1 being tested. Quality Systems 
are applicable to all fields of tesnng in which the labor.atoFY. in in olved. 

Quality Control (Q9l procedu[e are used to co~~ assess performance of the laboratory 
and quality system$\ The ~oratory maintai'l~ conti: ~ a alytical results by adhering to written 
standard oper-8tlilflpi: eedures (SOPs ), using~nal~ical control parameters with all analyses, 
and by ob e~ing'-sa....mple custody re urrement . All analytical results are calculated and 
reporteCi fn uni consfstent with project P.ecifi~tions to allow comparability of data. 

""F is QAM i applicable to the facil ty1is ~d'Or:i t~e title page. The information in this manual has 
be~organized according-to re~uirememts found in the National Environmental Laboratory 
Accre<:Utat~ Progra~NEb ft) uahty Systems Standards (2003 and 2009), the EPA 
Requirements for Qualify Assurance Project Plans, EPA QA/R-5, USEPA, 2001 ; and General 
Requirements for the S,._ompetence of Testing and Calibration Laboratories, ISO/IEC 
17025:2005, and the U.S. epartment of Defense Quality Systems Manual for Environmental 
Laboratories, 2013. A glossaf( of pertinent terms and acronyms is included in Appendix A. 

2) Organization 

The ALS Environmental, Houston HRMS staff, consisting of approximately 16 employees, 
includes chemists, technicians and support personnel. They represent diverse educational 
backgrounds and experience, and provide the comprehensive skills that the laboratory requires. 
During seasonal workload increases, additional temporary employees may be hired to perform 
specific tasks. All employees share the responsibility for maintaining and improving the quality 
of our analytical services. 
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ALS- Houston HRMS is legally identifiable as ALS Group USA, Corp. , dba ALS Environmental. 
ALS Group USA, Corp. is a component of ALS Limited, a publicly held Australian company. The 
ALS Global website may be referred to for corporate ownership information (www. 
AlsglobaLcom/Our-Company). The laboratory is divided into operational and managerial units 
based upon specific discipl ines. Each department is responsible for establishing, maintaining, 
and documenting QA and QC practices meeting laboratory needs. An organizational chart of 
the laboratory, as well as resumes of key personnel can be found ·A Appendix B. This laboratory 
organization is designed so that potential conflict of interest is ax.aided, and such that an 
adequate amount of supervisory personnel are in place to provi e ovfilsight and supervision of 
day to day operations. 

3.1 

• 
• 
• 
• 

• 
• 
• 
• 

R ICrl l T S 0 L l T I 0 S R ICrl l T P A R T N f. R 



ALSHE-QAM, Rev. 14.0 
Effective: 11 / l0/2014 
Page 5 of 79 

The effectiveness of the quality system is assessed in several ways, including: 
• Internal and External Audits 
• Periodic reports to management 
• Analysis of customer feedback 
• Proficiency testing 

Technical Director: ~ e ~ le of the Technica Dire~ Ot_ is to oversee the day-to-day 
technical producti n of a~alylical data. This 0ver 1ght is achieved through the following 
activities: moniteri Q...9U lity control perf~rmarice, m nitoring the validity of generated 
data to ensll!re r rabte data, corroboratfnq_ Ile analysis performed, and certifying 
demons ratio s of capability. The ~hni'ea~ Director certifies that personnel with 
apprOP.Fiat~ eCiucational and/or te h 1&~i...._baa1<ground perform all tests for which the 
abo a ory is accredited; revie s ne~\methods for their applicability to a project, 
imeleme._,nts new methodology at t~ facility, and directs, trains and supervises 
indiwauals participating in Ris effo · ·rt he case of the Technical Director absence, the 
Labor~ory Operations D1 ector 0 a Technical Supervisor shall maintain these duties. 
Re<JVires a BS or B.A: egr in-Science, Engineering or Management (with at least 24 
college seme ter credits in cnemistry), and five years technical supervisory experience 
in environmental laboratory operations. This individual is an approved signatory for all 
facility policies anet oa dures, as well as training documentation. 

Quality Assurance Manager - The Quality Assurance Manager (QA Manager) has the 
authority and responsibility for implementing, maintaining, and improving the quality 
system. This includes coordination of QA activities within the laboratory, ensuring that 
personnel understand the quality system, ensuring communication takes place at all 
levels within the laboratory regarding the effectiveness of the quality system, evaluating 
the effectiveness of training; and monitor trends and continually improve the quality 
system. Audit and surveillance results, control charts, proficiency testing results, data 
analysis, corrective and preventive actions, customer feedback, and management 
reviews can all be used to support quality system implementation. The QA Manager is 
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responsible for ensuring compliance with NELAC standards (and ISO, DoD QSM, etc. 
as applicable). The QA Manager works with laboratory staff to establish effective quality 
control and assessment plans and has the authority to stop work in response to quality 
problems. The QA Manager is responsible for maintaining the QA Manual and 
performing an annual review of it; reviewing and approving SOPs and ensuring the 
annual review of technical SOPs; maintaining QA records such as metrological records, 
archived logbooks, PT results, etc.; document control; nducting proficiency testing 
studies; approving nonconformity and corrective actio reports; maintaining the 
laboratory's certifications and approvals; and performing 1 ter l QA audits. 

The QA Manager reports directly to the Laboratory rn~ec an rrtports indirectly to the 
ALS Manager of Quality Assurance, USA. It is irnpOrta t o note that when evaluating 
data, the QA Manager does so in an objec ive an er. ndfree of outside, or managerial, 
influence. 

Department Managers and Supervisors - Each manager or supervisor has the 
responsibility to ensure that QA and QC functions are carried out as specified when 
executing analyses and related tasks to ensure the production of high quality data. 
Managers and bench-level supervisors monitor the day-to-day operations to ensure that 
productivity and data quality objectives are met. A department manager has the 
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authority to stop work in response to quality problems in their area. Managers and 
supervisors are responsible for ensuring that analysts perform testing according to 
applied methods, SOPs, and QC guidelines particular to the laboratory department. 

Sample Management Office (SMO) - The Sample Management Office plays a key role 
in the laboratory QA program by handling all activities associated with receiving, storage, 
and disposal of samples, and maintaining documentation for all samples received. SMO 
staff is also responsible for the proper disposal of samples fter analysis. The Laboratory 
Director oversees SMO and bottle preparation functions. 

Information Technology {IT) - IT staff is responsible for tti~.;administration of the 
Laboratory Information Management System (L tv1S a her necessary support 
services. Other functions of the IT staff i , €lude labo~t0ry network maintenance, IT 
systems development and implementati0' eauca{i n of analytical staff in the use of 
scientific software, Electronic Data Deli erab EBB) support, and data back-up, 
archival, and integrity operations. 

3.2 Ethics, Professional Conduct and Data lntegr;· y 

3.2.1 

"F ~ Gmote quality, ALS - 0uston HRMS requires certain standards of 
concfuct and ethical pe1

1 
rman;,e,r among employees. The following examples of 

£locumented ALS ~Y. are representative of these standards, and are not 
intended to be limif~ng o~l-inclusive: 

• Under no circums ~nces 1 the willful act of fraudulent manipulation of analytical 
data coneoned. Su~n acts are to be reported immediately to senior management 
for app ~riate co ective action. 

• Unle specifically required in writing by a client, alteration, deviation or 
om1ss1 of ritten contractual requirements is not permitted. Such changes 
must be i writing and approved by senior management. 

• Falsification of data in any form will not be tolerated. While much analytical 
data is subject to professional judgment and interpretation, outright 
falsification, whenever observed or discovered, will be documented, and 
appropriate remedies and punitive measures will be taken toward those 
individuals responsible. 

3.2.2 Confidentiality 

It is the responsibility of all laboratory employees to safeguard sensitive 
company information, client data, records, and information; and matters of 
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national security concern should they arise. The nature of our business and the 
well-being of our company and of our clients is dependent upon protecting and 
maintaining confidential and/or proprietary company and client information. All 
information, data, and reports (except that in the public domain) collected or 
assembled on behalf of a client is treated as confidential. 

Information may not be given to third parties wit out the consent of the client. 
Unauthorized release of confidential informatio about the company or its 
clients is taken seriously and is subject to for al disciplinary action. All 
employees sign a confidentiality agreement upo hire o protect the company 
and client's confidentiality and proprietary rigllts. 

anti Ethics Training 

Each e loyee recei\J in-depth "core" Data Integrity/Ethics Training. New 
empl y.,ees are 1ven a QA and Ethics orientation within the first month of hire, 
followe by the oore training within 1 year of hire. On an ongoing basis, all 
employees ece\te semi-annual ethics refresher training. Topics covered are 
documente<:i R writing and all training is documented. It is the responsibility of 
the QA Manager to ensure that the training is conducted as described. 

Key topics covered are the organizational mission and its relationship to the 
critical need for honesty and full disclosure in all analytical reporting, how and 
when to report data integrity issues and record keeping. Training includes 
discussion regarding all data integrity procedures, data integrity training 
documentation, in-depth data monitoring and data integrity procedure 
documentation. 
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Trainees are required to understand that any infractions of the laboratory data 
integrity procedures will result in a detailed investigation that could lead to very 
serious consequences including immediate termination, or civil/criminal 
prosecution_ 

The training session includes many concepts and topics, numerous examples 
of improper actions (defined by DoD as deviati from contract-specified or 
method-specified analytical practices and may be i tentional or unintentional), 
legal and liability implications (company and erso al)., causes, prevention, 
awareness, and reporting mechanisms. 

3.2.5 Management and Employee Co mrtmen 

The laboratory makes every attem to sure that employees are free from 
any commercial , financial , or e ndue pressures ttia might affect their 
quality of work. Related poli ies ar escribed in the thetlaboratory Employee 
Handbook. This includes: 

• 
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Personnel 

Jim Plassard, B.S_ 

Lan Le, Ph.D. 

Rebecca Pierrot, B.S. 

Nicole Brown, B.S. 

Arthi Kodur, M.S. 

Mike Sullivan, B.S. 

Les Arnold 

4) 
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Summa of Technical Ex erience and Qualifications 

Years of Experience Project Role 

21 Laboratory Director 

Eac controlled copy of a · t oll d doclfTlent will be released only after a document control 
numbeF s assigned an~ e reelpieA JS>recorded on a document distribution list. Filing and 
distribution is performeO..by the QA Manager, or designee, and ensure that only the most 
current version of the doc ~ent.i distributed and in use. A document control number is 
assigned to logbooks. ComP-1 red logbooks that are no longer in use are archived in a master 
logbook file. Logbook entries are standardized following the SOP CE-QA007, Making Entries 
onto Analytical Records. Entries made into laboratory logbooks are reviewed and approved at 
a regular interval (quarterly). 

A records system is used which ensures all laboratory records (including raw data, reports, 
and supporting records) are retained and available. The archiving system is described in SOP 
HE-QA002, Report Data and Record Archiving .. 

External documents relative to the management system are managed by the QA Manager. To 
prevent the use of invalid and/or outdated external documents, the laboratory maintains a 
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master list of current documents and their availability. The list is reviewed before making the 
documents available. External documents are not issued to personnel. 

5) Review of Requests, Tenders and Contracts 

6) 

Requests for new work are reviewed prior to signing any contracts or otherwise agreeing to 
perform the work. The specific methods to be used are agreed upon between the laboratory 
and the client. A capability review is performed to determine if th aboratory has or needs to 
obtain certification to perform the work, to determine if the laborato has the resources 
(personnel, equipment, materials, capacity, skills, expertise) to peffo the work, and if the 
laboratory is able to meet the client's required reporting and Q~i;Q_its. :Ihe results of this 
review are communicated to the client and any potential coafhct tleficiency, lack of appropriate 
accreditation status, or concerns of the ability to cor:Ql{let' he cli nt's work are resolved. Any 
differences between the request or tender and th · comrac sljglJ e resolved before any work 
commences. The client should be notified at this t~ if orR i expected to be subcontracted. 
Each contract shall be acceptable both to the labo~at?cy a net the client. Recw ds are 
maintained of pertinent discussions with a clie t ret~ing o the client's re iFements or the 
results of the work. If a contract needs to b ende after work has oommem~ed the 
contract review process is repeated ~nd A '1¥_ am ments are communica ed to ~I affected 
personnel. Changes in accreditation atu ecting ongoing project s ust b~ reported to the 
client. 

7) P 1'.0~asing {'ervices and Su ~lies 
The quality level of reagents~cj ateri Is (grade, traceability, etc.) required is specified in 
analytical""80Ps. DeRartment ~pervisors ensure that the proper materials are purchased. 
Inspection and verifica ~or:i of material ordered is performed at the time of receipt by receiving 
personnel. The receiving taff 15els the material with the date received. Expiration dates are 
assigned as appropriate for :Qe material. Storage conditions and expiration dates are 
specified in the analytical SOP. CE-QA012, Quality of Reagents and Standards, and HE
EXT006, Procedures for Standard Preparation, provide default expiration requirements. 
Supplies and services that are critical in maintaining the quality of laboratory testing are 
procured from pre-approved vendors. The policy and procedure for purchasing and 
procurement are described in SOP CE-GEN007, Procurement and Control of Laboratory 
Services and Supplies. 

Receipt procedures include technical review of the purchase order/request to verify that what 
was received is identical to the item ordered. The laboratory checks new lots of reagents for 
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unacceptable levels of contamination prior to use in sample preservation, sample preparation, 
and sample analysis by following the SOP for Checking New Lots of Chemicals for 
Contamination (ADM-CTMN). 

8) Service to the Cl ient 

The laboratory utilizes a number of processes to ensure that adeguate resources exist to meet 
service demands. Senior staff meetings, tracking of outstancf g proposals and a current 
synopsis of incoming work all assist the senior staff in properly ~lrocating sufficient resources. 
Status/production meetings are conducted regularly with the laboratoJ¥"and Project Managers 
to inform the staff of the status of incoming work, future projeGts, nd pr8ject requirements. 

9) Complaints 

In addition to project communication and internal communication of data issues, the laboratory 
also maintains a system for dealing with customer complaints. The procedure is described in 
SOP CE-GEN010, Handling Customer Feedback. The person who initially receives feedback 
in the form of a complaint (typically the Project Manager) is responsible for documenting the 
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complaint. If the Project Manager is unable to satisfy the customer, the complaint is brought to 
the attention of the Laboratory Director, or QA Manager for final resolution. The complaint and 
resolution are documented 

1 O) Facilities and Equipment 

11) 

Amount of sample taken 

Type of container used 

3. Type of sample preservation 

4. Sample storage time 

5. Proper custodial documentation 
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The laboratory uses the sample preservation, container, and holding-time 
recommendations published in a number of documents. The primary documents of 
reference are: USEPA SW-846, Third Edition and Updates I, 11, llA, 118, 111, IV for 
hazardous waste samples; USEPA 600/4-79-020, 600/4-91-010, 600/4-82-057, 600/R-
93/100, 600/4-88-039, 600/R-94-111, and Supplements; EPA 40CFR parts 136 and 141 ; 
and Standard Methods for the Examination of Water and Wastewater for water and 
wastewater samples (see Section 23 for complete citations-). The container, preservation 
and holding time information for these references is sum,.9),a ized in Table 11-1 for soil , 
water, and drinking water. Where allowed by project sariplin and analysis protocols 
(such as Puget Sound Protocols) the holding time for sedll\lent, soil, and tissue samples 
may be extended for a defined period when stored f ezei::i'a - 0°C. 

When the laboratory ships environmental samples to other laboratories for analysis, 
similar sample i~_g[ity pfocesses are used to ensure preservation and proper handling, 
and to avoid any p0s · le breakage, cross-contamination of samples, or identification of 
problems. Alternative y, the receiving laboratory's procedures may be specified. Chain 
of custody is maintained during the process. 

11.2 Sample Receipt and Handling 

Standard procedures are established for the receiving of samples into the laboratory and 
are found in SOP HE-SM0001 , Sample Receiving. These procedures ensure that 
samples are received and properly logged into the laboratory, and that all associated 
documentation, including chain of custody forms, is complete and consistent with the 
samples received. 
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When samples are received by the laboratory, a Cooler Receipt and Preservation Check 
Form (CRF - Figure 11-2) is used to assess the shipping cooler and its contents as 
received by the laboratory personnel. Any anomalies or discrepancies observed during 
the initial assessment are recorded on the CRF and COC documents. Verification of 
sample integrity includes the following activities: 

6. Assessment of custody seal presence/absence, location and signature; 

7. Temperature of sample containers upon receipt; 

8. 

Samp es are sto~d a Qe met od requirements until they undergo analysis, unless 
ot erwise spe 1 red, using ~arrous refrigerators or freezers, or designated secure areas. 
The laboratory e large alk-in cold storage units which house the majority of sample 
containers receive at ~ laboratory. the laboratory also has three sub-zero freezers 
capable of storing sa{Jlples at -20° C primarily used for tissue and sediment samples 
requiring specialized storage conditions. The temperature of each sample storage unit 
is monitored daily, which is recorded on the daily temperature log for each unit. 

The laboratory adheres to the method-prescribed or project-specified holding times for 
all analyses. The sampling date and time are entered into the LIMS system at the time 
of sample receipt and login. Analysts then monitor holding times by obtaining analysis
specific reports from the LIMS. These reports provide holding time information on all 
samples for the analysis, calculated from the sampling date and the holding time 
requirement. To document holding time compliance, the date and time analyzed is 
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printed or written on the analytical raw data. Table 11-1 summarizes the typical holding 
times for analyses performed by the laboratory. 

Unless other arrangements have been made in advance, upon completion of all analyses 
and submittal of the final report, aqueous, soil , and tissue samples are retained for 30 
days. Extracts are stored for up to one year. Upon expiration of these time limits, the 
samples are either returned to the client or disposed of ai:cording to approved disposal 
practices. All samples are characterized according to haza deus/non-hazardous waste 
criteria and are segregated accordingly. All hazardous was amples are disposed of 
according to formal procedures outlined in the ALS Env[ronm~njal Health and Safety 
Manual, and in the SOP HE-SM0003, Waste Diflp~ . All waste produced at the 
laboratory, including the laboratory's own various tiaza coos waste streams, is treated 
in accordance with applicable local and Fed~al law . Documentation is maintained for 
each sample from initial receipt through flR~I , dis os I to ensure that an accurate history 
of the sample from "cradle to grave" is availalJle. 

11.3 Sample Custody 
Sample custody transfer at the time~f. sample receipt is documentea s~ chain-of
custody (COC) forms accomRanyiRg the a pies. During S~riljlple ~e·pt , it is also 
noted if custody seals were p esent ~hotographic records o each ~pie are 
captured at sample receipt. Tff is de~t:ribed in the SOP. -SM0001 , Sample 
Receipt. Figure 11-1 is a cepy:of tR hain-of-custody fq_rm rnutinely used at the 
laboratory. Figure 11-2 · a cop of the cooler rec . ipt f r routinely used at the 
laboratory. 

lslarc ing system is used to d cumer.1 1 internal sample custody. Each person 
re~~ng r returning samP. e t o 1-t.o ample storage while performing analysis is 
requl~ed to document this austotty\ transfer. The system uniquely identifies the sample 
container and pr9~s.an e ectr'1ic record of the custody of each sample. For sample 
extracts the anatyst doc4_n:; eR s custody of the sample extract by signing on the 
custody recora, that they'tiave accepted custody. Sample tracking procedures are 
outlined in SOP H -SM<ioo1 , Sample Receipt. 

11.4 Project Setup 
The analytical method(s) used for sample analysis are chosen based on the client's 
requirements. LIMS codes are chosen at the time of project set up to identify the 
analytical method used for analysis. Unless specified otherwise, the most recent 
versions of reference methods are used. For SW-846 methods, some projects may 
require the most recent promulgated version, and some projects may require the most 
recent published version. The Project Manager ensures that the correct methods are 
selected for analysis, deliverable requirements are identified, and due dates are 
specified on the service request. To communicate and specify project-specific 
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requirements, a Tier V form (Figure 7-3) is used and accompanies the service request 
form. 
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Sam le Preservation and Holdin 

DETERMINATION MATRIXa,b 

Dioxins/Furans by EPA 8290 w 
Dioxins/Furans by EPA 8280A w 
Dioxins/Furans by EPA 8290 s 

Dioxins/Furans by EPA 8280A s 
Dioxins/Furans by EPA 16138 W,DW 

Dioxins/Furans by EPA 16138 s 
Dioxins/Furans by EPA 23 A 

Dioxins/Furans by EPA 16138 T 

Dioxins/Furans by EPA 8290 T 

Dioxins/Furans by EPA T0 -9A A 

Polychlorinated 8iphenyls (PC8s) w 
b EPA 1668 
Polychlorinated 8iphenyls (PC8s) s 
b EPA 1668 
Polychlorinated 8iphenyls (PC8s) 
b EPA 1668 
Polychlorinated 8iphenyls (PC8s) 
b CAR81428 
Polycyclic Aromatic HydrocarboA 
PAHs b CAR8f 429 

Pesticides by EPA 1699 

Pesticides by E~ 1699 

a 
b 
c 

Table 11-1 
Times 

CONTAINERC 

G 

G 

G 

G 

G 

G 

XAD 

G 

XAD 
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MAXIMUM 
PRESERVATIONd HOLDING 

TIM Ee 

4°C 30 days 

30 days 

30 days, 1 year if 
frozen 

30 days, 1 year if 
frozen 

1 year 

1 year 

30 days 

1 year 

30 days 

7 days 

1 year 

1 year 

1 year 

45 days 

21 days 

<6°C 7 days 

-20°C to -10°C 1 year 

aiding times can be found in referenced technical methods. 
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Figure 11-1 
Chain of Custody Form 
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Figure 11-2 
Cooler Reciept and Preservation Form 

/;( Columbia 
el Analytical Services~ Cooler Receipt Form 

Clientll'ro )ea 

Date Received; Technician Date Logged Ire I 
('US Mall ('UPS ('OHL I. Method of dellveiy 

2. Sampes 1ecelved In: C"Coole1 r eo~ r Envelope ('Other 

3. Were custody SiSals on coole157 

Were they Intact? 

Were they signed and dated? 

C'Yes 

('Yes 

('Yes 

(' No ('NIA ,~ m•l 
(' No ('NIA 

(' No ('NJA 

a~~ere 
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T-edu1ldan I 

-4. Methodofdellvel'f r lnse1ts (' Baggies(' Bubble Wrap rGe~Packs ~ et Ice ('Sleeves ('Other r 
S. Foreign or Regulated Soil1 ('Yes (' No 

") 

Coolet Tr a&ng H..-nb.t C~IO D.11t• T1rM 
Opened~ 

Temp. TMi!> Fii.d 
Op«Wd ~ "C Blank? 

.... I l • ~I r r 

' \.."\, ,-~ r r 
~ ~ ... r r 

1r' "' r r 
L L r r 

-· 
S. Were custody papers propeit 1111 ed outW'I 'Signed, dated, et.c)? ~Yes (' No ('NIA 

o. Did all bottles Mrlve in godd onditlon 1 ot broken no signs ofleakilge) 1 ('Yes (' No ('NIA 

7. Were all sample lalit)s.,co~pliMe .e. sample ID, analysis, preseni;atlon, e)cp ('Yes (' No ('NIA 

8. Wet<! "PP'oprif«' bottl~~nt;>incrs ;>nd voluml'S rccei....,.J orcquc~d' ~1 rv ... ("No ("N/A 

9. Did sample labels arid, tags agree wlth custody documents? ('Yes ("No ('NIA 

S¥TIPie Don Bottle ( ,, Sampl.PIO COC on -
~'\... I l\ u ,..-- Oil ,......_.,/ /rf" ''--.../] 

/ " -
s.mpleD 90t1Je Botti. OUtof Brohn Dille Technician 

Count T~ Temp 

r r 
r r 
r r 
r r 

Note$, Discrepancies, & Resolutions: 

Print Farm R-Form 
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12) Analytical Procedures 

The laboratory employs methods and analytical procedures from a variety of external sources. 
The primary method references are: USEPA SW-846, Third Edition and Updates I, II, llA, 118, 
Ill , IVA, IVB, and online updates for hazardous waste samples, and USEPA 600/4-79-020, 
600/4-91-010, 600/4-82-057, 600/R-93/100, 600/4-88-039, 600/R-94-111, EPA 40CFR parts 
136 and 141 , and Supplements; and Standard Methods for the Examination of Water and 
Wastewater for water and wastewater samples. Complete citati~s for these references can be 
found in Section 23. Other published procedures, such as state-s ecific methods, program
specific methods (such as Puget Sound Protocols), or in-house etho,,cls may be used. Several 
factors are involved with the selection of analytical methods to l::>~\USed i the laboratory. These 
include the method detection/reporting limit, the expected conce a ration of the analyte being 
measured. method selectivity, accuracy, and precisien, tHe ty e of sample being analyzed, and 
the regulatory compliance objectives. The impterne tatio of ethods by the laboratory is 
described in SOPs specific to each method. A 11'5 of · L:A.-P-accredited methods is given in 
Appendix J. 

12.1 

When a custorne~ requests a modification to an SOP (such as a change in reporting limit, 
addition or deletiO of tarpet analyte(s), etc.), the Project Manager handling that project 
must discuss the pi:o~sed deviation with the department manager in charge of the 
analysis and obtain their approval to accept the project. The Project Manager is 
responsible for documenting the approved or allowed deviation from the SOP by placing 
a detailed description of the deviation attached to the quotation or in the project file and 
providing an appropriate comment on the service request when the samples are 
received. 
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For circumstances when a deviation or departure from company policies or procedures 
involving any non-technical function is found necessary, approval must be obtained 
from the appropriate supervisor. manager, the Laboratory Director, or other level of 
authority. Frequent departure from policy is not encouraged. However, if frequent 
departure from any policy is noted, the laboratory director will address the possible 
need for a change in pol icy. 

12.3 Modified Procedures 

The laboratory strives to perform published methods a qescribed in the referenced 
documents. If there is a material deviation from the publisned method, the method is 
cited as a "Modified" method in the analytical report. ~odific tions to the published 
methods are listed in the standard operating procedure~ ~and~;ct operating procedures 
are available to analysts and are also available to 01Jr c i !ntS"-ferreview, especially those 
for "Modified" methods. Client approval is tain ti 0r e use of "Modified" methods 
prior to the performance of the analysis. 

12.4 Analytical Batch 

(a.k.a. 

4. 

5. Each operation it , m the analysis is performed by a single analyst, technician, 
chemist, or by a team of analysts/technicians/chemists. 

6. Samples are analyzed in a continuous manner over a timeframe not to exceed 24-
hours between the start of processing of the first and last sample of the batch. 

7. Field samples are assigned to batches commencing at the time that sample 
processing begins. For analysis of organic constituents, it begins when the samples 
are extracted. 

8. The QC samples are to be analyzed in conjunction with the associated field samples 
prepared with them. However, for tests which have a separate sample preparation 
step that defines a batch (extraction, etc.), the QC samples in the batch do not require 
analysis each time a field sample within the preparation batch is analyzed (multiple 
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instrument sequences to analyze all field samples in the batch need not include re
analyses of the QC samples). 

9. The batch is to be assigned a unique identification number that can be used to 
correlate the QC samples with the field samples. 

10. Batch QC refers to the QC samples that are analyzed in a batch of (field) samples. 

11 . Project-specific requirements may be exceptions. If project, program, or method 
requirements are more stringent than these laboratocyi minimum requirements, then 
the project, program, or method requirements will take ecedence. However, if the 
project, program, or method requirements are less slrin§ rit than these laboratory 
minimum requirements. these laboratory minimwm reguirements will take 
precedence. 

Specialized Procedures ,,. i 
The laboratory not only strives to provide:e,esal s tha ;fre scientifically sound, legally 
defensible, and of known and documented q a ity; ut also striv~ to provide the best 
solution to analytical challenges. Procedu es ing specializea instrumentation and 
methodology have been developed t\) · prov1r.ensitivity (provide low~r., detection limits), 
selectivity (minimize interfenir:~ceS\wfiile maintaining sensitivity , a overall data quality 
for low concentration applications. 

Sample Cleanup 

Laboratory support equipment (thermometers, balances, and weights) are routinely verified on 
an annual basis by a vendor accredited to A2LA or ISO/IEC 17025:2005 International 
Standards. All analytical measurements generated at the laboratory are performed using 
materials and/or processes that are traceable to a reference material. Metrology equipment 
(analytical balances, thermometers, etc.) is calibrated using reference materials traceable to the 
National Institute of Standards and Technology (NIST). These primary reference materials are 
themselves recertified as outlined in SOP HE-QA005, Calibration Verification of Support 
Equipment. Vendors used for metrology support are required to verify compliance to 
International Standards by supplying the laboratory with a copy of their scope of accreditation. 
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Equipment shown by verification to be malfunctioning or defective is taken out of service until it 
is repaired. When an instrument is taken out of service, an "Out of Service" sign is placed on the 
instrument. The equipment is placed back in service only after verifying, by calibration, that the 
equipment performs satisfactorily. 

13.1 Temperature Control Devices 

Temperatures are monitored and recorded for all of the temperature-regulating support 
equipment such as sample refrigerators, freezers, ovens and standards refrigerators. 
Temperature monitoring logs are maintained, whi<s~ contain daily-recorded 
temperatures, identification, and location of equipment a Geptance criteria and the 
initials of the technician who performed the checks. The P,rocedbc._e for performing these 
measurements is provided in the SOP HE-QA005, CaliOratioa ·'(lerification of Support 
Equipment. 

13.2 Analytical Balances 

13.3 Water Purification Systems 

The laboratory uses a water purification system designed to produce deionized water 
meeting method specifications. The system consists of a series of pumps, filters, and 
resin beds designed to yield deionized water meeting the specifications of ASTM Type 
II water, and Standard Methods for the Examination of Water and Wastewater (SM1080, 
2Qth Ed.) High Quality water. Activated carbon filters are also in series with the 
demineralizers to produce "organic-free" water. 

13.4 Source and Preparation of Standards and Reference Materials 

Consumable reference materials routinely purchased by the laboratories (e.g. , analytical 
standards) are purchased from nationally recognized, reputable vendors. All vendors 
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have fulfilled the requirements for ISO 9001 certification and/or are accredited by A2LA. 
the laboratory relies on a primary vendor for the majority of its analytical supplies. 
Consumable primary stock standards are obtained from certified commercial sources or 
from sources referenced in a specific method. Cambridge Isotope Laboratories (CIL), 
Wellington Laboratories, and Accustandard are examples of the vendors used. Reference 
material information is recorded in the "Materials Logbook" in LIMS and materials are stored 
under conditions that provide maximum protection against deterioration and contamination. 
Entries in the Materials Logbook include such information as an assigned LIMS 
identification code. the source of the material (i.e. ve a r identification), solvent (if 
applicable) and concentration of analyte(s), reference to t2~c rtificate of analysis and an 
assigned expiration date. The date that the standard is received 1n he laboratory is marked 
on the container. When the reference material is usedJor t e fir time, the date of usage 
and the initials of the analyst are also recorded on tr . c6rlla ne . 

Stock solutions and calibration standa~ so ution are prepared fresh as often as 
necessary according to their stability. All sta~a solutions are properly labeled as to 
analyte concentration, solvent, date, pregars':, ~ e piration date· these entries are also 
recorded in the appropriate notebook(sj foilowinQ)the SOP HE-E TG06, Preparation of 
Standard Solutions and are enteree i1 to Ll~S for tracking purpose . Prior to sample 
analysis, all calibration refe~~te ia~s are verified wit a co , independent 
source of the material. ~ 

High Resolution GC/MS Sys ems 

All HRGC/HRMS instr.ur:pe ts are calibrated at a rriini um o 1ve different concentration 
levels for the analnesofi~terest (unless speci e othe ·se) using procedures outlined 
in Standard OP,erating IPmcedures and/or aJ?pro riate USEPA method citations. All 
reference m~ter'als see for this functiQ! a e venaor-certified standards. Calibration 
verification ~ perfo med at method-~ecifi d in ervals following the procedures in the 
SOP ~ ~'f~e~e method. For iso ope di tion procedures, the internal standard 
espo se(s) aQ_a labeled compour}0 recov rY;,must meet method criteria. Method-specific 

· tru e~ tuRi'ng is regularly checkec:C'using perfluorokerosene (PFK). Mass spectral 
pea s foi: the tuning comg0ands ust onform both in mass numbers and in relative 
intensity criteria before a alyses can proceed. 

Pipes 

The calibration o pipets and autopipettors used to make critical-volume measurements 
is verified followi~ the OP Checking Volumetric Labware (SMO-VOLWARE). Both 
accuracy and prec1s 'Verifications are performed, at intervals applicable to the pipet 
and use. The results of all calibration verifications are recorded in bound logbooks. 
Pipettes are serviced and calibrated annually by an approved vendor. 

14) Assuring the Quality of Results 

A primary focus of the laboratory's QA Program is to ensure the accuracy, precision and 
comparability of all analytical results. Prior to using a procedure for the analysis on field samples, 
acceptable method performance is established by performing demonstration of capability 
analyses. Performance characteristics are established by performing method detection limit 
studies and assessing accuracy and precision according to the reference method. the laboratory 
has established Quality Control (QC) objectives for precision and accuracy that are used to 
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determine the acceptability of the data that is generated. These QC limits are either specified in 
the test methodology or are statistically derived based on the laboratory's historical data. Quality 
Control objectives are defined below_ 

14.1 Quality Control Objectives 

14.1.1 Demonstration of Capability - A demonstration of capability (DOC) is made 
prior to using any new test method or when a technician is new to the method. 
This demonstration is made following regulatory, accreditation, or method 
specified procedures. In general, this demonstraf"o does not test the 

14.1 .2 

performance of the method in real world samples, t in the applicable clean 
matrix free of target analytes and interferences. 

The lab ratory 1Jtilizes several quality control measures to eliminate analytical 
bias, inc~ in· systematic analysis of method blanks, laboratory control 
samples and independent calibration verification standards. Because bias can 
be positive or negative, and because several types of bias can occur 
simultaneously, only the net, or total, bias can be evaluated in a measurement. 

14.1 .3 Precision - Precision is the ability of an analytical method or instrument to 
reproduce its own measurement. It is a measure of the variability, or random 
error, in sampling, sample handling and in laboratory analysis. The American 
Society of Testing and Materials (ASTM) recognizes two levels of precision: 
repeatability - the random error associated with measurements made by a 
single test operator on identical aliquots of test material in a given laboratory, 
with the same apparatus, under constant operating conditions, and 
reproducibility - the random error associated with measurements made by 
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different test operators. in different laboratories, using the same method but 
different equipment to analyze identical samples of test material. 

"Within-batch" precision is measured using replicate sample or QC analyses 
and is expressed as the relative percent difference (RPO) between the 
measurements. The "batch-to-batch" precision is determined from the variance 
observed in the analysis of standard solutions or laboratory control samples 
from multiple analytical batches. 

Control Limits - The control limits for accuracy a l?recision originate from 
two different sources. For analyses having eno~ C data, control limits are 
calculated at the 99% confidence limits. For anal~ses at having enough QC 
data, or where the method is prescriptive, contrb. rmit§;a're taken from the 
method on which the procedure is based. If th method does not have stated 
control limits, then control limits are \:igneS1Ymethod-default or reasonable 
values. Control limits are updatett.peri die IY-_:w en new statistical limits are 
generated for the appropriate surro te, laboratory control sample, and matrix 
spike compounds (typically onee:a Y..taQ..o~~hen metho p~scribed limits 
change. The updated limits a e reviewed' by the QA Mana~r. The new 
control limits replace the Rfevi us liP).i\s and data is aF, essea usr g the new 
values. Current ace P.t~n e limits fer accuracy and precis10 are available 
from the laboratory. . ino~ganics , the precisionJimit values 1sted are for 
laboratory duplicates. P0.f"m~nics, the precisi rfli~it vallJes listed are for 
duplicate labol'l.tpry ontro~amples or duplica e a irix spike analyses. 
Procedures for"'e,,Stablistiing control limit~ fo nci in the SOP for Control 
Limits (AQ - "'~l;_LIM). 

Represen ative i~ss - Representati~enes 1s the degree to which the field 
sampte?be1o:g::i)'roperly preserve· , fre of contamination, and analyzed within 
holding tini'e, represents the _Rveral sample site or material. This can be 
xte1'.i9eci o the sample itsel , ·A tha f'9presentativeness is the degree to 

wh·cQ,_1fie subsample th,~hs ana W d represents the entire field sample 
submitted for analysis. i e labo atory has sample handling procedures to 
~sure that the sampie bsed~6r analysis is representative of the entire 
sample. These i elude t~e SOP for Subsampling and Compositing Aqueous 
and Soil S-Cfm /es WET. SSMP) and the SOP for Tissue Preparation (WET
TISP). urther, a~a~ ical SOPs specify appropriate sample handling and 
sampl ~zes to further ensure the sample aliquot that is analyzed is 
represen ative in entire sample. 

Comparabilit - Comparability expresses the confidence with which one data 
set can be compared to another and is directly affected by data quality 
(accuracy and precision) and sample handling (sampling, preservation, etc). 
Only data of known quality can be compared. The objective is to generate 
data of known quality with the highest level of comparability, completeness, 
and usability. This is achieved by employing the quality controls listed below 
and standard operating procedures for the handling and analysis of all 
samples. Data is reported in units specified by the client and using the 
laboratory or project-specified data qualifiers. 
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Method Detection Limits, Method Reporting Limits, and Limits of Detection/Quantitation 

Method Detection Limits (MDL) for methods performed at the laboratory is determined 
during initial method set up and if any significant changes are made. If an MDL study is 
not performed annually, the established MDL is verified by performing a limit of detection 
(LOO) verification on every instrument used in the analysis. The MDLs are determined 
by following the SOP for Performing Method Detection Limits Studies and Establishing 
Limits of Detection and Quantitation (ADM-MDL), which is based on the procedure in 40 
CFR Part 136, Appendix B. As required by NELAP an DoD protocols, the validity of 
MDLs is verified using LOO verification samples. 

The Method Reporting Limit (MRL) is the lowest amoun of an a~alyte in a sample that 
can be quantitatively determined with stated, acceP.tabl~ recision and accuracy under 
stated analytical conditions (i.e. limit of quantitatif3n'='D9Q). OQ are analyzed on an 
annual basis and cannot be lower than the o e lib11 tion standard. Current MDLs 
and MRLs are available from the laborato 

14.3 Quality Control Procedures 

For som methods cahbration blanks are prepared along with calibration 
stan~ ds in or,erf o create a calibration curve. Calibration blanks are free of 
the anal)1e of irn erest and, where applicable, provide the zero point of the 
calibratio CU!}I . Additional project-specific requirements may also apply to 
calibration bl~n1<s. 

14.3.3 Continuing Calibration Blanks 

Continuing calibration blanks (CCBs) are solutions of either analyte-free water, 
reagent, or solvent that are analyzed in order to verify the system is 
contamination-free when CCV standards are analyzed. The frequency of CCB 
analysis is either once every ten samples or as indicated in the method, 
whichever is greater. Additional project-specific requirements may also apply to 
continuing calibration blanks. 

14.3.4 Calibration Standards 
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Calibration standards are solutions of known concentration prepared from 
primary standard or stock standard materials. Calibration standards are used to 
calibrate the instrument response with respect to analyte concentration. 
Standards are analyzed in accordance with the requirements stated in the 
particular method being used. 

14.3.5 Initial Calibration Verification Standards 

Initial (or independent) calibration verification standards (ICVs) are standards 
that are analyzed after calibration but prior to sample analysis, in order to verify 
the validity and accuracy of the standards used · or calibration. Once it is 
determined that there is no defect or error im the tsalibration standard(s), 
standards are considered valid and may be used for subsequent calibrations 
and quantitative determinations (as expiratio,2jla es~d methods allow). The 
ICV standards are prepared from m eria so taililed from a source independent 
of that used for preparing the cali ration sta dar s ("second-source"). ICVs are 
also analyzed in accordance with m t~ -s ecific requirements. 

14.3.6 Continuing Calibration Verifica ion~tanaards 

14.3.7 

Continuing calibration veri·m:a i~ stC!f!dards (CCALs/ m· r-a~e standards 
that are analyzed i~orde to ver-i¥tt1at the calibratiorn oft · analytical system 
is still acceptable. li fre ency of CCALs analysf is a indicated in the 
method. 

beled standara,,s-a[ erganic compounds which are similar in chemical 
composition and chromatpgraphic behavior to the analytes of interest, but which 
are not normany, o nd ib environmental samples. Depending on the analytical 
met~. one o more of these compounds is added to method blanks, 
calibraro'l and :~eek standards, and samples (including duplicates, matrix 
spike sarn les 6plicate matrix spike samples and laboratory control samples) 
prior to extracron and analysis in order to monitor the method performance on 
each sample. The percent recovery is calculated for each labeled standard, and 
the recovery is a measurement of the overall method performance. 

M 
Recovery(%) = (T ) x 100 

Where: M = The measured concentration of analyte, 
T =The theoretical concentration of analyte added. 

14.3.9 Laboratory Control Samples 
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The laboratory control sample (LCS) is an aliquot of analyte-free water or 
analyte-free solid (or anhydrous sodium sulfate or equivalent) to which known 
amounts of the method analyte( s) is (are) added. A reference material of known 
matrix type, containing certified amounts of target analytes, may also be used 
as an LCS. An LCS is prepared and analyzed at a minimum frequency of one 
LCS per 20 samples, with every analytical batch or as stated in the method, 
whichever is more frequent. The LCS sample is prepared and analyzed in 
exactly the same manner as the field samples. 

The percent recovery of the target analytes in the LCS is compared to 
established control limits and assists in determ· in~bether the methodology 
is in control and whether the laboratory is cap . ble 0Cmaking accurate and 
precise measurements at the required rego iQ:~li i . omparison of batch-to
batch LCS analyses enables the labmato!)' to-eva uate batch-to-batch precision 
and accuracy. 

Ma i::·x spiked samples are:8riqaots--of samples to which a known amount of the 
tarQ'e analyte (or analyt s) is (1're(added. The samples are then prepared and 

alyzed in the same an ~ytioal batch, and in exactly the same manner as are 
routine samples For e appropriate methods, matrix spiked samples are 
preparect.-and-an~y,zed a111d at a minimum frequency of one spiked sample (and 
one d'{Plicate $.p.ik-ect: a'mple, if appropriate) per twenty samples. The spike 
recove.,ry, measu es the effects of interferences caused by the sample matrix 
and refl~ts the ccuracy of the method for the particular matrix in question. 
Spike recoveFi s are calculated as follows: 

Where: 

Recovery (%) = (S - A) x 100 ~ T 

S = The observed concentration of analyte in the spiked sample, 
A = The analyte concentration in the original sample, and 
T = The theoretical concentration of analyte added to the spiked 
sample. 

14.3.1 2 Laboratory Duplicates and Duplicate Matrix Spikes 

Duplicates are additional replicates of samples that are subjected to the same 
preparation and analytical scheme as the original sample. Depending on the 
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method of analysis, either a duplicate analysis (and/or a matrix spiked sample) 
or a matrix spiked sample and duplicate matrix spiked sample (MS/OMS) are 
analyzed. The relative percent difference between duplicate analyses or 
between an MS and OMS is a measure of the precision for a given method and 
analytical batch. The relative percent difference (RPO) for these analyses is 
calculated as follows: 

Relative Percent Difference (RPO)= (S1 - S2) x 100 +Save 

Where 

S1 and S2 = 

or in the rnan:ix spike and its duplicate man.ix sp · e a 

Glass re Wash\ng 

Glassw re washing and maintenance play a crucial role in the daily operation 
of a labo~at~. ;rhe glassware used at the laboratory undergoes a rigorous 
cleansing pr:gcedure prior to every usage. A number of SOPs have been 
generated that outline the various procedures used at the laboratory; each is 
specific to the end-use of the equipment as well as to the overall analytical 
requirements of the project. In addition, other equipment that may be routinely 
used at the laboratory is also cleaned following instructions in the appropriate 
SOP. 

14.3.1 5 Measurement Uncertainty 

Measurement uncertainty is associated with most of the results obtained in 
laboratory testing. It may be meaningful to estimate the extent of the uncertainty 
associated with each result generated by the laboratory. It is also useful to 
recognize that this measurement of uncertainty is likely to be much less than 
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that associated with sample collection activities. The uncertainty associated 
with the analytical measurement process can be estimated from quality control 
data_ When requested, the laboratory provides uncertainty information as 
described in the SOP CE-QA010, Estimate of Uncertainty of Analytical 
Measurements. The estimation of uncertainty relates only to measurements 
conducted in the laboratory. 

14.4 When data quality objectives or quality control measures are not met, due to the 
sample matrix or anomalies, incompatibility of the metho~Qlogy and sample type, 
statistical outliers, random error, or other factors, it may be11ecessary to apply data 
qualifiers to reported data. A list of standard data qualifi ;s-rs g·ven in Appendix H. 

1 5) Control of Non-Conforming Environmental Testi 

16) Corrective Action, eventiv. Action, and Improvement 

If a quality control meas rti is,J,ound to be out of control , and the data is to be reported, all 
samples associated with theJaled quality control measure shall be reported with the appropriate 
data qualifier(s). Failure to meet established analytical controls, such as quality control 
objectives, prompts corrective action. Corrective action may take several forms and may involve 
a review of calculations, a check of instrument maintenance and operation, a review of analytical 
technique and methodology, and reanalysis of quality control and field samples. If a potential 
problem develops that cannot be solved directly by the responsible analyst, the supervisor, team 
leader, the department manager, and/or the QA Manager may examine and pursue alternative 
solutions. In addition, the appropriate Project Manager is notified in order to ascertain if the 
client needs to be notified. 

Part of the corrective action process involves determining the root cause. Identifying the root 
cause of a nonconformance can be difficult, but important for implementing effective corrective 
action. Root cause principles are used to determine assignable causes, which leads to 
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corrective action taken to prevent recurrence. Various preventive action processes are used for 
eliminating a potential problem, or averting a problem before it occurs. This is explained in SOP 
CE-QA008, Nonconformance and Corrective Action. 

Preventive action is focused on using existing information or experiences to anticipate potential 
problems and eliminating likely causes of them. Preventive action is a pro-active process and 
tied to results from corrective action as well as opportunities for improvement. The laboratory 
uses preventive action processes to avoid errors and implement improvements. The SOP CE
GEN004, Preventive Action, describes procedures used. Exa~Rles of preventive action are 
given in this SOP. The laboratory also uses ideas from staff, clle t feedback, and other input 
mechanisms to identify potential improvements. The weekly staff eeting regularly includes 
reports on improvements made or underway. 

16.1 Preventive Maintenance 

• 
• 
• 

• 

Re 12 nsiij.lity for ensurir:ig that routine maintenance is performed lies with the 
departpient supervisor. I the case of non-routine repair of capital equipment, the 
clepa ment superviso is r:es12or:i ible for providing the repair either by performing the 
repair themselves with 'i1anttfacturer guidance or by acquiring on-site manufacturer 
repair. Each deRartment Maintains a critical parts inventory. This inventory or "parts list" 
also includes the rte~ m~eded to perform any other routine maintenance and certain in
house non-routine reR irs such as GC/MS jet separators and electron multipliers. When 
performing maintenance on an instrument (whether preventive or corrective), additional 
information about the problem, attempted repairs, etc. is also recorded in the notebook. 
Typical logbook entries include the following information: 

• Details and symptoms of the problem; 
• Repairs and/or maintenance performed; 
• Description and/or part number of replaced parts; 
• Source(s) of the replaced parts; 
• Analyst's signature and date; and 
• Demonstration of return to analytical control. 

See Appendix E for a list of equipment and whether primarily maintained by laboratory 
or service providers. 
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1 7) Control of Records 

1 8) 

The laboratory maintains a record system, which ensures that all laboratory records of analysis 
data are retained and available. Records may be in hard copy form or electronic, in the form of 
.pdf rendering of hard copies. or in databases. Analysis data is retained for 5 years from the 
report date unless contractual terms or regulations specify a longer retention time. The archiving 
system is described in the SOP HE-QA002, Report, Data, and Record Archival. 

17.1 Documentation and Archiving of Sample Analysis Data 

• 
• 
• 

• 
• 
• 

The system audit examines the presence and appropriateness of laboratory systems. 
External system audits of the laboratory are conducted regularly by various regulatory 
agencies and clients. Appendix J lists the certification and accreditation programs in 
which the laboratory participates. Programs and certifications can be added as 
necessary. 

Internal system audits of the laboratory are conducted regularly under the direction of 
the QA Manager. The internal audit procedures are described in SOP CE-QA001 , 
Internal Audits. The internal audits are performed as follows: 

• System Audit - this is an annual audit of all operational areas in the laboratory to 
evaluate compliance with operational and technical procedures. Focus is on 
sample handling, preparation, analysis, and technically sounds practices. Three 
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primary concepts are 1) is the procedure in use the same as that described in the 
SOP, 2) the use of sound analytical techniques and practices, and 3) sample 
handling/preparation. Topics as calibration, instrument operation/maintenance, 
data interpretation, and reporting results are included. Hardcopy data and/or 
report audits may be included. 

Process audits may be on larger audit event or a series of audits such that all 
areas of the laboratory are audited over a year. Process audits conducted over 
the four calendar quarters will follow the schedules listed in the audit plan. 

• Electronic data audits focus on organic chromatograp ic data and include an 
examination of audit trails, peak integrations, calib at!9!l practices, GCMS tuning 
data, use of appropriate files, and other oo ~eneAtS' of the analysis. Each 
applicable instrument is periodically a itetl b re'.tliewing randomly selected data 
files. 

All audit findings and corrective actions are a aumerited. The ref ults of each audit are 
reported to the Laboratory Director ;an R,ep.@.rtment Managers for review. Any 
deficiencies identified are summari~?~iQ the audit report. ManagerS\Ql~St respond with 
corrective actions correcting ~e ~f[cien Y..>J.f.1 nin a defined tim fra 1e. "'Snould problems 
impacting data quality be foatl'd dg~ng an internal audit, a y client whose data is 
adversely impacted will be gi?e ~ritle!J>notification within:th c r ective action period (if 
not already provided). 

The laborat0FY pa~ici13a es in the analysis int flaboratory proficiency testing (PT) 
samples Participation in PT studies.ts.eerfo eCf on a regular basis and is designed to 
evalua ea anal¥fical areas of the.-laboi:@t~)/General procedures for these analyses 
a e describecf>in SOP CE-QAOO ProfiG1er1ey Sample Testing Analysis. The laboratory 
ro tinet Rarticipates in the followJ_ng stl!l)' ies: 

Wa er Pollution (~~ ber year. 
• Water Su~ly (WS)~ ·2 per. year. 
• Hazardous Was e~S ii f PTP), 2 per year. 
• Other st dies as rf puired for certifications, accreditations, or validations 

PT Samples are p oces~ by entering them into the LIMS system as samples and are 
processed the same s field samples (following the PT provider instructions). The 
laboratory departmen s handle samples the same as field samples, performing the 
analyses following method requirements and performing data review. The laboratory 
departments submit results to the QA Manager for subsequent reporting to the 
appropriate agencies or study provider. Results of the PT samples and audits are 
reviews by the QAM, Technical Director, the laboratory staff, and the Manager of Quality 
Assurance, USA. For any results outside the acceptance criteria, the analysis data is 
reviewed to identify a root cause for the deficiency, and corrective action is taken and 
documented through nonconformance (NCAR) procedures. 

19) Management Review 
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An annual review of the laboratory's quality system and testing activities is conducted by the 
laboratory's management team to ensure the continuing suitability and effectiveness of the 
quality system and testing activities and to introduce any necessary changes or improvements. 
The review ensures that the quality system of the laboratory continues to conform to the 
requirements of the ISO 17025:2005 and various accrediting authorities, including NELAP/TNI. 

General procedures for the review are described in SOP CE-QA005, Laboratory Management 
Review. When conducting the review, a standard list of items and categories is evaluated. The 
quality policies and their relation to testing activities are review~and any necessary changes 
are identified. The review also notes significant changes that havel~ken place or need to take 
place in the quality system and the organization, facilities, equip ent,\procedures and activities 
of the laboratory. 

20.1 

Employees are re onsi e for complying the requirements of the QA Manual and 
QA/QC requiremen a ociated with their function(s). The laboratory also encourages 
personnel to continue o learn and develop new skills that will enhance their 
performance and value to the company. Ongoing training occurs for all employees 
through a variety of mechanisms. The corporate, company-wide training and 
development program, external and internal technical seminars and training courses, 
and laboratory specific training exercises are all used to provide employees with 
professional growth opportunities. 

All technical training is documented and records are maintained in the QA department. 
Training requirements and its documentation are described in SOP CE-QA003, 
Training Policy. A training plan includes a description of the step-by-step process for 
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training an employee and for initial demonstration of capability. Where the analyst 
performs the entire procedure, a generic training plan may be used. 

Initial Demonstration of Capability (IDOC) 

Training in analytical procedures typically begins with the reading of the SOP for the 
method. Hands-on training begins with the observation of an experienced analyst 
performing the method, followed by the trainee performing the method under close 
supervision, and culminating with independent performance of the method on quality 
control samples_ Successfu l completion of the applicabl Demonstration of Capability 
analysis qual ifies the analyst to perform the method indepe'Odently. Demonstration of 
Capability is performed by one of the following: 

• Successful completion of an Initial Precision and (IPR) study (required 
where mandated by the method). 

• Analysis of 4 consecutive Laboratory 

• 

• 

• 

• 

• 

• 

• 

and precision . 

• 

• 

• 

Succes lllPerforrpance on external (independent) single-blind sample analyses 
using the test metliiod, or a similar test method using the same technology. I.e. 
PT sample or. sample blind to the analyst. 

Performing Initial Demonstration of Capability as described above, with 
acceptable levels of precision and accuracy. 

Analysis of at least 4 consecutive LCSs with acceptable levels of accuracy and 
precision from in-control analytical batches. 

If the above cannot be performed, analysis of authentic samples with results 
statistically indistinguishable from those obtained by another trained analyst. 

For methods for which PT samples are not available and a spiked analysis (LFB, 
MDL, etc.) is not possible, analysis of field samples that have been analyzed by 
another analyst with statistically indistinguishable results. 
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Records are maintained to indicate the employee has the necessary training, education, 
and experience to perform their functions. Information of previously acquired skills and 
abilities for a new employee is maintained in Human Resources personnel files and 
internal resumes. The QA department maintains a record of the various technical skills 
and training acquired while employed by ALS. Information includes the employee 's 
name, a description of the skilf including the appropriate method and SOP reference, the 
mechanism used to document proficiency, and the date the training was completed. 
General procedures for documenting technical training ar described in SOP CE-QA003, 
Training Policy. 
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Demonstration of Proficiency Flowchart 
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The laboratory reports the analytical data produced in its laboratories to the client via the 
Analytical Report. This report includes a transmittal letter, a case narrative, client project 
information, sample receipt and chain of custody information, specific test results, quality 
control data (as requested), and any other project-specific support documentation. The 
following procedures describe t he procedures used for data reduction, validation and reporting. 

21.1 Data Reduction and Review 

The validity f the data generated is assessed through the evaluation of the 
sample results , calibrations , and QC samples (method blanks, laboratory 
control samples, sample duplicates, matrix spikes, trip blanks, etc.). A brief 
description of the evaluation of these analyses is described below, with details 
listed in applicable SOPs. The criteria for evaluation of QC samples are listed 
within each method-specific SOP. Other data evaluation measures can include 
verifications of accuracy, QC samples, and system sensitivitycheck of the QC 
standards and a check of the system sensitivity. Data transcriptions and 
calculations are also reviewed. 

Note: Within the scope of this document, all possible data assessment 
requirements for various project protocols cannot be included in the listing 
below. This listing gives a general description of data evaluation practices used 

s R 



ALSHE-QAM, Rev. 14.0 
Effective: 11 / l0/ 2014 
Page 41 of 79 

in the laborato1y in compliance with NELAP Quality Systems requirements. 
Additional requirements exist for certain programs, such as projects under the 
DoD QSM protocols, and project-specific QAPPs . 

• 

• 

• 

Sample Re alts (! ~organic) - Following sample analysis and calculations 
<'.9c ng y_ di ~tions made due to the sample matrix) the result is 
, rified to ~aH"'Wtthin the calibration range. If not, the sample is diluted 
nd analyzed to bring the result into calibration range. When sample 

an samP.I duplicates are analyzed for precision, the calculated RPD is 
com r:e to the specified limits. The sample and duplicate are 
reanaly2:ed if the criteria are exceeded. The samples may require re
preparation and reanalysis. For metals, additional measures as described 
in the applicable SOP may be taken to further evaluate results (dilution 
tests and/ or post-digestion spikes). Results are reported when within the 
calibration range, or as estimates when outside the calibration range. 
When dilutions are performed the MRL is elevated accordingly and 
qualified. Efforts are made to meet the project MRL's including alternative 
analysis. 

• Sample Results (Organic) - For GC/ MS analyses, it is verified that the 
analysis was within the prescribed tune window. If not, the sample is 
reanalyzed. Following sample analysis and calculations (including any 
dilutions made due to the sample matrix) peak integrations, retention 
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times, and spectra are evaluated to confirm qualitative identification. 
Internal standard responses and surrogate recoveries are evaluated 
against specified criteria. If internal standard response does not meet 
criteria, the sample is diluted and reanalyzed. Results outside of the 
calibration range are diluted to within the calibration range. For GC and 
HPLC tests , resu lts from confirmation analysis are evaluated to confirm 
pos itive results and to determine the reported value. The procedure to 
determine which result to report is described in the SOP for Confirmation 
Procedure for GC and HPLC Analysis (~C-CONF). If obvious matrix 
interferences are present, additional cleanup of the sample using 
appropriate procedures may be necessary and l;).e sample is reanalyzed. 
When di lutions are performed the MRL is e ?Y~ted accordingly and 
qual ified. Efforts are made to meet th.e oj ct~R:C" s including additional 
cleanup . 

Labq_rato Control Sample Results - The LCS percent recovery is 
calcul~~,d and compared to specified control limits. If the recovery is 
within control limits, the analysis is in control and results may be 
reported. If not, this indicates that the analysis is not in control. Samples 
associated with the 'out of control' LCS, shall be considered suspect and 
the samples re-extracted or re-analyzed or the data reported with the 
appropriate qualifiers. For analysis where a large number of analytes are 
in the LCS, it becomes more likely that some analytes (marginal 
exceedences) will be outside the control limits. The procedure described 
in the 2003 NELAC standards, Appendix D. l .1 .2.1 are used to determine 
if the LCS is effective in validating the analytical system and the 
associated samples. 

• Matrix Spike Results - The MS percent recovery is calculated and 
compared to specified control limits. If the recovery is within control 
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limits the results are reported. If not, and the LCS is within control limits, 
this indicates that the matrix potentially biases analyte recovery. It is 
verified that the spike level is at least five times the background level. If 
not, the results are reported with a qualifier that the background level is 
too high for accurate recovery determination. If matrix interferences are 
present or results indicate a potential problem with sample preparation, 
steps may be taken to improve results; such as performing any additional 
cleanups, dilution and reanalysis, or re-preparation and reanalysis. 
Results that do not meet acceptance imits are reported with an 
appropriate qual ifier. 

21 .1.2 Qualitative Data Evaluation. 

• GC and LC Methods 

21.2 Data Reporting 

0 

'The mass spectrum of the analyte in the sample must, in the 
opinion of a qualified analyst or the department manager, 
correspond to the spectrum of the analyte in the standard or 
the current GC/ MS reference library. 

o When Tentatively Identified Compounds are to be reported for 
GC/ MS, the spectrum for non-target peaks is compared to the 
current GC/ MS reference library. 

It is the responsibility of each laboratory unit to provide the Project Manager with a final 
report of the data for each analysis, accompanied by signature approval. When the entire 
data set has been found to be acceptable, a final copy of the report is generated and 
approved by the laboratory supervisor, departmental manager or designated laboratory 
staff. The entire data package for the analysis is then placed into the service request file , 
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and an electronic copy of the final data package is forwarded to the appropriate 
personnel for archival. Footnotes and/ or narrative notes must accompany any data 
package if problems were encountered that require further explanation to the client. 
Each data package is submitted to the appropriate Project Manager. 

When all analyses and departmental reports are completed the Project Manager reviews 
the entire collection of analytical data for completeness and to ensure that any and all 
client-specified objectives were successfully achieved. A report narrative is written by 
the Proj ect Manager to ex plain any unusual problems with a specific analysis or sample, 
etc. Priorto re lease of the report to the client, the Project anager reviews and approves 
the entire report for completeness and to ensure tha n'y'. and all client-specified 
objectives were successfully achieved. The original raw ata, long with a copy of the 
final report, is scanned and archived by service request umbe11 

To the extent possible, samples shall be reported oply Jtal Q measures are acceptable. 
If a QC measure is found to be out of contro , a~d he aat'a is to be reported, all samples 
associated with the failed quality control eastt i;,,e s H-b reported with the appropriate 
data qualifier(s). The SOP for Data Reportin~arui', eP,.ort Generation (ADM-RG) addresses 
the flagging and qualification of data. Tbe Ab.S-de(inea data qualifie~ state-specific data 
qualifiers, or project-defined data qua 1 iers> are used deg.ending on project 
requirements. A case narrative m y e ~ ten by the Pro·ect Ma ager to explain 
problems with a specific ana ysis o r. samR~e etc. 

In o~er to meet individ al project needs, the laboratory provides several levels of 
anal ical reports_ ta darQ.~pe kations for each level of deliverable are described in 

ab e 21-1. Va iations maY'f)e provided based on client or project specifications. This 
includes (but i oot limited to) deliverables for DoD QSM projects and state-specific 
drinking water for: ats. 

When requested, th laboratory provides Electronic Data Deliverables (EDDs) in the 
format specified by client need or project specification. The laboratory is capable of 
generating EDDs with many different formats and specifications. The EDD is prepared 
by report production staff using the electronic version of the laboratory report to 
minimize transcription errors. User guides and EDD specification outlines are used in 
preparing the EDD. The EDD is reviewed and compared to the hard-copy report for 
accuracy. 
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Descri tions of ALS Environmental - Houston HRMS Standard Data Deliverables* 

Tier I. 
• Transmittal letter 

• Chain of custody documents and sample/cooler receipt documentation 

• Sample analytical results 

• Method blank results 

• Surrogate recovery results and acceptance criteria for apptrc~bJe organic methods 

• Dates of sample preparation and analysis for all tests 

• Case narrative - optional 

• 

• 
• 

• 

• 
• 

• 

* If a project QAPP or program reporting protocol applies the report will be presented as 
required for the project. 
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22) Summary of Changes and Document History 

Revision 
Number 
14 

Effective 
Date 
5/1 /2014 

Document Description of Changes 
Editor 
R. Pierrot Reverted back to the previous QA Manual 

format (see revision 11) 
Reformatted to current ALS style. Updated key 
personnel, Organization charts, and 
equipment. Updated and reorganized 
appendices. Remove~emaining CAS 
references and updated Houston HRMS and 
corporate SOP referenc s. Mi r changes to 
text in se~eral ir cas ~ ·OJRJ~ve readability and 
presenta ron, w1thG> t c angmg concept. 

23) References for Quality System Standards , 
Test Procedures 

• 
• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

Do~u~ y Sy ems Manual for Envi yonme al aboratories, Versions 4.2 and 5.0 

Gooa.:Auto a{~d ?aboratory Practices Prir;7iples and Guidance to Regulations For Ensuring 
Data Integrity.Jin Automated La <:>r:. tOK)C perations, EPA 21 85 (August 1995). 

al!ual fo the Certifica-tio~\Labor ories Analyzing Drinking Water, 5th Edition, EPA 81 5-
B-9 -00 Uanuary ~). )\ 

Procedure Manua1"'[().r the En1tironmental Laboratory Accreditation Program, Washington 
Department of Ecolog , 10- 048, September 2010. 

Test Methods for EvaluatiQg Solid Waste, Physical/Chemical Methods, SW-846, Third Edition, 
(September 1986) and Updates I Uuly 1992), II (September 1994), llA (August 1993), llB 
Uanuary 1995), Ill (December 1996), Final Update IV (February 2007), and updates posted 
online at http://www.epa.gov/epaoswer/ hazwaste/test/sw846.htm. See Chapters 1, 2, 3, 
and 4. 

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, (Revised March 
1 983). 

Methods for the Determination of Inorganic Substances in Environmental Samples, 
EPA/600/R-93/l 00 (August 1 993). 

Methods for the Determination of Metals in Environmental Samples, EPA/600/4-91/010 
Uune 1991) and Supplements. 
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• Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater, 
EPA 600/4-82-057 Uuly 1 982) and 40 CFR Part 1 36, Appendix A. 

• Methods for the Determination of Organic Compounds in Drinking Water, 
EPA/600/4-88/039 (December 1988) and Supplements. 

• Standard Methods for the Examination of Water and Wastewater, 20th Edition (1998) and 
SM On-Line. See Introduction in Part 1 000. 

• 40 CFR Part 136, Guidelines for Establishing Test Procedures for the Analysis of Pollutants 
Under the Clean Water Act, and EPA Method Update Rule 200 and 2012. 

• 40 CFR Part 141, National Primary Drinking Water Regulatio 
2007. 

• Analytical Methods for Petroleum Hydrocarbons, ECY 9 -6-0 
of Ecology, June 1997. 

• State-specific total petroleum hydrocarbon met 
diesel, and other petroleum hydrocarbon prod 
Washington, Wisconsin, etc.). 

• Annual Book of ASTM Standards, Part 3 

• 

• 

• 

• 

• 

• 

• 

• e Pulp and Paper Industry for Air and Stream Improvement (NCASI) . 

-level QA documents are listed in Appendix I. 

24) Appendices 
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Acceptance Criteria: Specified limits placed on characteristics of an item, process, or service 
defined in requirement documents. 

Accreditation: The process by which an agency or organization evaluates and recognizes a 
laboratory as meeting certain predetermined qualifications or standards, thereby accrediting 
the laboratory. 

Accreditation Body: The territorial , state or federal agenc~ aving responsibility and 
accountability for envi ronmental laboratory accreditation and w k: rants accreditation. 

Calibration: A set of 01?eration~1that establish, under specified conditions, the relationship 
between values of quanYties i- dicated by a measuring instrument or measuring system, or 
values represented by a material measure or a reference material, and the corresponding 
values realized by standards. 

Calibration Standard: A substance or reference material used for calibration. 

Certified Reference Material (CRM): Reference material accompanied by a certificate , having 
a value, measurement uncertainty, and stated metrological traceability to a national 
metrology institute. 

Chain of Custody: Record that documents the possession of the samples from the time of 
collection to receipt in the laboratory. This record generally includes: the number and types 
of containers; the mode of collection ; the collector; time of collection ; preservation; and 
requested analyses. 

s R 



ALSHE-QAM, Rev. 14.0 
Effective: 11 / l0/ 2014 
Page 49 of 79 

Confirmation: Verification of the identity of a component through the use of an approach 
with a different scientific principle from the original method. These may include, but are not 
limited to: second column confirmation, alternate wavelength , derivatization, mass spectral 
interpretation, alternative detectors, or additional cleanup procedures. 

Data Reduction: The process of transforming the number of data items by arithmetic or 
statistical calculation, standard curves, and concentration factors, and collating them into a 
more useful form. 

Demonstration of Capability: A procedure to establish the ab1 ·t of the analyst to generate 
analytical results of acceptab le accuracy and precision. 

Field of Accreditation: Those matrix, technology/ method, 
which the accreditation body offers accreditation. 

Field of Proficiency Testing (FoPT): Analytes or whic a laboratory is required to 
successfully analyze a PT sample in order to o·bta· or aint~in accreditation, collectively 
defined as: matrix, technology/ method, analyte. 

Finding: An assessment conclusion referenced G a ~aboratory accredlt-ation standard and 
supported by objective evidence that identifes a via ion from a labo;:at ry accreditation 
standard requirement. 

Limit of Detection (LOO)~ A laj)oratory's estimate of the minimum amount of an analyte in a 
given matrix that an analyt·ca( process can reliably detect. 

Limit of Quantitation (LOQ): The minimum levels, concentrations, or quantities of a target 
variable (e.g. , target analyte) that can be reported with a specified degree of confidence. 

Matrix: The substrate of a test sample. 

Matrix Duplicate: A replicate matrix prepared in the laboratory and analyzed to obtain a 
measure of precision. 

Matrix Spike (spiked sample or fortified sample): A sample prepared, taken through all 
sample preparation and analytical steps of the procedure unless otherwise noted in a 
referenced method, by adding a known amount of target analyte to a specified amount of 
sample for which an independent test result of target analyte concentration is available. 
Matrix spikes are used to determine the effect of the matrix on a method's recovery efficiency. 
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Matrix Spike Duplicate (spiked sample or fortified sample duplicate): A replicate matrix spike 
p repared in the laboratory and analyzed to obtain a measure of the precision of the recovery 
for each analyte. 

Measurement System: A method , as implemented at a particular laboratory, and which 
includes the equipment used to perform the test and the operator(s). 

Method: A body of procedures and techniques for performing an activity (e.g., sampling, 
chemical analys is, quantification), systematically presented in the order in which they are to 
be executed. 

National Institute of Standards and Technology (NIST): 
Department of Commerce' s Technology Administration that is 
National Metrology Institute (NMI). 

Procedure: A specified way to car 
or not. 

Quality Manual: A document stating the management policies, objectives, principles, 
organizational structure and authority, responsibilities, accountability, and implementation 
of an agency, organization, or laboratory, to ensure the quality of its product and the utility 
of its product to its users. 
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Quality System: A structured and documented management system describing the policies, 
objectives, principles, organizational authority, responsibilities, accountability, and 
implementation plan of an organization for ensuring quality in its work processes, products 
(items), and services. The quality system provides the framework for planning, implementing, 
and assessing work performed by the organization and for carrying out required quality 
assurance (QA) and quality control (QC) activities. 

Quality System Matrix: These matrix definitions be used for purposes of batch and quality 
control requirements : 

Air and Emissions: Whole gas or vapor samples includi~ those contained in flexible 
or rigid wall containers and the extracted concentrated r,naly.t \ of interest from a gas 
or vapor that are collected with a sorbent tube, impinger solution, filter, or other 
device. 

Aqueous: Any aqueous sample excluded f om t Cfefinition of Drinking Water or 
Saline/Estuarine. Includes surface wate ~rn d water. ffluents, and TCLP or other 
extracts. 

Biological Tissue: Any sample of a bio 09:ca Grigir,i such as fis tij sue, shellfish, or 
plant material. Such samples are gro pea cor,Ping to type oft sue (i.e. marine vs. 
plant). 

Reference Material: Material 011 substance one or more of whose property values are 
sufficiently homogeneous-.and Jell established to be used for the calibration of an apparatus, 
the assessment of a meas re ent method, or for assigning values to materials. 

Reference Standard: Standard used for the calibration of working measurement standards in 
a given organization or at a given location. 

Sampling: Activity related to obtaining a representative sample of the object of conformity 
assessment, according to a procedure. 

Secondary Accreditation Body (Primary AB): A TNl-NELAP accreditation body responsible 
that accredits the laboratory based on the Primary AB accreditation and procedures. 

Selectivity: The ability to analyze, distinguish, and determine a specific analyte or parameter 
from another component that may be a potential interferent or that may behave similarly to 
the target analyte or parameter within the measurement system. 

s R 
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Sensitivity: The capability of a method or instrument to discriminate between measurement 
responses representing different levels (e.g., concentrations) of a variable of interest. 

Standard Operating Procedure (SOP): A written document that details the process for an 
operation, analysis, or action, with thoroughly prescribed techniques and steps. SOPs are 
officially approved as the procedures for performing certain routine or repetitive tasks. 

Technology: A specific arrangement of analytical instruments, detection systems, and/or 
preparation techniques. 

Traceability: The ability to trace the history, application, or locati ~fan entity by means of 
recorded identifications. In a calibration sense, traceability relate easuring equipment to 
national or international standards, primary standards, basic pn~sical oi:istants or properties, 
or reference materials. In a data collection sense, it relates-<Sal'cJ!latjd s and data generated 
throughout the project back to the requirements for the guality oT"tHe project. 

evidence that specified 

s R 
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APPENDIX B - Organization Charts, Key Personnel, and Report Signatories 

Houston, Texas HRMS Laborat 
September 15,2014 A :.nulronmental 

Corporate 
Human Resources 

Corporate 
Information Technology ·-------
Development/Operations 

R.e:~::.d 911 S/Z01 4 

Analysts 
J Chau 
L Luong 

Reporting 
S. Atalla 
G. Cruz 

C. Elhardt 

Laboratory Director 
Jim Plassard 

~ 
HR ? · 

Representative t-~:::---1------J EH&S Coordinator 1 l 
Lan Le _ "\.. "°' Rebecca Pi~ - - ~ - Corporate EH&S 

·- > ' 

IT Sup~rt 
Rlct..~on 

C. Diaz 
D. Edwards 

H, Lueng 
L McCrink 

W. McDonough 

lechnical Director 
Lan Le 

A. Lopez 

Corporate 
Quality Assurance 

N. Brown 
A. Kodur 
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Enulronmental 

Education 

Purdue University -
West Lafayette, IN 
BSc in Biology 1992 

Affiliations 

American Society of 
Mass Spectrometry 

Jim Plassard 
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l 0450 Stancliff Rd., Suite 210 • Houston, TX 77099 • + l 713-266-1 599 

R 

Laboratory Director 
201 2 - Present 

Technical Director, '02 - 03 

AIT Laboratories Senior Analytical Chemist, '99 - '00 
Indianapolis, IN 
Performed various extractions and analyses of toxicological samples. Responsible for 
routine and non-routine maintenance of instrumentation including GCMS, LCMS, GC-FID, 
GC-NPD, GC-ECD, HPLC-UV, and HPLC-Fluorescence. 

Pace Analytical Low-Res Dioxin Analyst, '93 - '99 
Indianapolis, IN, 1993 
Responsibilities: Write job duties and responsibil ities here. Can include number of people 
managed, projects completed, etc. Always leave an extra space after this paragraph to 
separate from the next job. 
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10450 Stancliff Rd., Suite 210 • Houston, TX 77099 • + 1 713-266-1 599 

E nul ronmental 

Education 

Kansas State University 
Manhattan, KS 
BS, Chemical 
Engineering, 1981 

University of Houston 
Houston, TX 
Ph.D., Chemistry, 1987 

Publications 
Expert Systems for the 
Analytical Laboratory, 
Demonchy, A.R.; Aretteig, 
J.R.; Le, L.; and Deming, 
S.N., Analytical Chemistry, 
60, 1355A, 1988. 

R 

Technical Director 
20 11 - Present 

Performs competently with complex instruments d methods and is responsible for date 
interpretation, quality control and reporting. Pia~, rnnducts, and supervises (as a lead) 
complex analyses using advanced instrum~ri at io . Prepares standard operating 
procedures and specificqtions for processes all_d tests orks wit h complex analytical 
systems, technical report writing, and clie;.t---tn~ cVA,issists in training staff, analysts 
and technical assistance. Senior technic 'I dvi or for-teams and projects. 

and financial objectives 

n, TX 
)~t e staff of l 3 scienti ~n ~'cshnicia s, oversee data collection and validation, manage 

oaliOration and maintenance o{."a.Q_aryt!Cj!I instrument systems, method development, perform 
t raining, and interface ·th proje mirnagement personnel in support of technical solutions 
for clients. 

ore Laboratories Organics Supervisor, '91-'93 
Pt6uston, TX 

Supervise Organic Labor,a ory including both GC/MS and GC analyses. Method 
interpret£o11<and imP-lementation. Supervised and performed both volatile and semivolatile 
organic ~etermi ~tions. Used HP-RTE data systems for data interpretation, quantitation, 

nd ~Pctrting . P~rformed instrument maintenance and troubleshooting on HP 5970 GC/MS 
syst ms,'"autosa piers, integrators, and related analytical equipment. 

aboratori'es GC/MS Analyst, '88-'90 
Ho son, TX 

~rformeCJ environmental GC/MS analyses samples in accordance with EPA protocols using 
n Hf' 970 GC/MS with an HP-1 000 RTE data system. 

Shell Devetepment Company Contract Chemist, '87-'88 
Houston, TX 

Performed research in a group that developed an expert system for analyzing spectra 
obtained from a variety of samples, including polymers and heavy oi ls, which had 
undergone neutron irradiation. 

Exxon Research and Engineering Company Contract Chemist, ' 86-'87 
Baytown, TX 

Worked in a research group that developed and expert system for data interpretation for 
GC/MS hydrocarbon analyses, including naphthas and kerosene. 

University of Houston, Chemist ry Dept. Chemistry Researcher, '83-'87 
Houston, TX 

Responsibi lities: Developed and authored a Reversed Phase-HPLC method on neutral 
surfactants. Studied varying HPLC gradients and performance factors. 
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Enulronmental 

Education 
University of Texas 
Austin, lX 
BS, Chemistry, 2003 

TNI Mentoring Session 
Determination of Detection 
and Quantitation Limits 

Rockhurst University 
Continuing Education Center 
Advanced Microsoft Excel, 
January 2007 

TNI Seminar: 
Standard Methods: Theory 
and Application, August 
2008 

Rockhurst University 
Continuing Education Center 
Management Skills for First 
Time Superv isors, 
September 2008 

TNI Seminar: 
How to Use Qualified Data, 
August 2009 

Affiliations 
The NELAC Inst itute 
2008 - Present 

TNI Accreditation Body 
committee Member, 
2009 - Present 

Texas Association of 
Environmental Professionals 
201 o - Present 

Laboratory Accreditation 
Bureau Technical Advisory 
Group 
201 o -Present 

R 

Quality Assurance Program/EH&S Manager 
2011 - Present 

As Quality Assurance Program Manager, lead ouston's Qual ity Assurance/Quality 
Control Program. Responsible for reviewing, a r Ying and control ling the qual ity 
systems of ALS' HRMS laboratory. Facilitate the i;evie and changes to laboratory SOPs 
and the QA Manual. Document training thro~~ DoCi ~nd attestations. Manage PE 
samples and document adherence to sta~dar-Q OR,er:ati ~ procedures. Review analytical 
data, perform internal audits and assure _):9f1JP.llance with external aud it findings. 
Maintain state and federal certificat1'0ns. Fiiepttat~ Quality Assurance and Ethics training . 
Prepare quarterly and annual q lity Fe orts to_se ror management. Facilitate managerial 
review of the Houston laborator'{'-.s ~I ty, Assurance Program. 

AS EH&S manager, responsible fo the implementation of he--,J:nvironmental Health and 
Safety program of ALS Nortti Ameri to~is faci lity. Duties .rndude accident investigation 
and incident review, mai tenance ,P. all safety-related,;quipm m and documents, and 
performing safe au 1t anil ep0 rng results to managem m. 

ALS Laborato 

At~La:9'0ratory Group Quality Assurance Assistant, '05-'09 
~O'rmerly e-Lab Analytj cal) 

uston, TX f 
Responsibilitie • Assiste):l in the development and implementation of a NELAC-Accredited 
quality sy s . for- rt-int mational environmental laboratory. Additional duties included level 
IV datap.ackag p eparation and review, root cause analysis, employee training and method 

-~d_ei_velo~nt. 

Sot1 hern Petwleum~aboratories GC Analyst, '04-'0S 
Houston, TX 

R:s~nsibilities: Responsible for the preparation, analysis, and reporting, of purgeable 
r-~:1.:µics and gas range organics using GC-PID, -FID (dual column/detector). Maintained and 

tr- bleshot HP CC Instruments, including calibration, column and trap replacement, and 
auto-sampler calibration/maintenance. Relevant software includes TurboChrom for data 
acquisit ion and processing and a MS Access-based LIMS for reporting results. 

Austin Energy Power Plant Chemist - Intern, 'O l -'03 
Austin, TX 

Responsibilities: Responsible for sample collection and analysis (pH, conductivity, and 
spectrophotometry), water treatment and purification (reverse osmosis and ion-exchange), 
environmental sample collection (routine and outfall), and various laboratory management 
duties including cal ibrations, monthly environmental reporting, chemical inventory and 
purchasing. Organized various training sessions focused on safety practices in the plant. 
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Enutronmental 

Education 

University of Houston -
Houston, TX 
B.S. - Biology, 2007 

Houston Community 
College, Houston, TX 
A.S. - Biology/ 
Chemistry, 2004 

R 

Project Manager 
20 7 2 - Present 

Project Chemist, '1 O - '11 

Columbia Anal~ical Service , Inc. Analyst, '08- '1 o 
Housto , IX 

e ee ~eratio , s in Extraction Laboratory and SMO. Primary responsibilities include 
sampl log1~xtraction, cleanup, and final concentration. Schedule daily tasks for 
extractjon analysts. Run Methods l 668A, l 613B, 8280, 8290, T0-9A and 23. Aid in 
continy ous improvement of existing methods and development of new methods. Perform 
no~7tine and complex technical assignments. 

Columbia ~alytica l Services, Inc. Analyst, '07 - '08 
Houston, TX 

Run Methods l 668A, l 613B, 8280, 8290, T0 -9A and 23. Perform extractions, sulfuric 
acid clean up, si lica gel column clean up, and blow downs/transfers. Receive and log 
arriving samples into CAS LIMS. Prepare and ship client bottle kit orders 

Baylor College of Medicine Human Research Technician, '07 - '07 
Genome Sequencing Center 
Houston, TX 

Assist in development of DNA sequencing technology using PCR and micro-titer plate 
technology. 



Arthi Kodur 
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Enulronmental 

Education 

St. Thomas University, 
Houston, TX 
MBA Courswork 

National University, 
San Diego, CA 
MFS in Forensic 
Science 2007 

Texas A & M, 
College Station, TX 
BS in Genetics 2005 

Project Manager 
20 7 1 - Present 

Science Instructor, '06 - '08 

Lab Technician, 'OS - '06 

R 
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APPROVED SIGNATORIES FOR FINAL ANALYTICAL REPORTS 

ALS Environmental , Houston - HRMS 

Update: October 2014 

s R 
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The Confidentiality Agreement (the "Agreement1 s entered into by and..bttwun Al.S 
Laboratory Group (hereinafter referred to as the "Company") and -------
(hereinafter referre~ to a.s · Emp oyu -)_ 

WHEREAS. employee is presently employed by the Co n pos hon .n 
which Emp loyee v/1 11 rece ve and ha\'e access to confideTt,tiat us1 information and 

other se<rets of the Company. and shall. to the best of £1\i ~o~ee.'s abil ty. a.ssi t the 
C-0mpany n impro't'mg and developmg the produtts an etv ces of the Compa11 . a.nd 

WHEREAS. employee is desirous. of continu h employment ap re<• ng 

such d isclosures of confdential business nfo tion. and as sisting the C pany n 
mproving and deve op ing its products..and serv·ces. 

NOW. THEREFORE. in cons 

($ 100.00) pa"d to the Emp ~ee the S:ompany and in furrtie.r con tderatJon of 
Employee's continued em oymen y the Company, ~s ,Agreement be ing a condition 

consideration 
CompV\ya 

a: d in fu rther considerat o of the benefits to Emp oyee 

1. ~ Business lnformatiOftJ. recognizes and agrees that the 

~as certain confident al busi l!f S information. nduding. but not limited to, 
c ons of inf0Jmat1on. stQme Jfsts. customer data. records. specifications. 
and trade secrets. nd re ated usiness methods and techn ques , wh"ch con fidential 

business information ai'a used the Company to obtain a competit ive advantage 
over the Company's comJW Jors who do not know or use th s information . Employee 
further recognizes and agrees that the protection of such confidential bus ine.ss 
information aga.inst unauthon zed disclosure and use is of cri tical mportance to the 

company to maintain its competit rve posit .on and Employee therefore agrees that 
use of. or di5dose to any other person or enbty. except as authorized by the 
Company in vm ting, a.ny of the confidential busi ness information of the Compa.ny. 
Employu also agrees not to d sclose to the Company or utilize on the Company's 

behalf. any of the trade secrets or other confidential information of any of the 
Employee's former employers. 



ALSHE-QAM, Rev. l 4.0 
Effective: l l/10/2014 
Page 64 of 79 

2. Return of Confidentia.I &usintss lnformnion. Upon termination of his employment 
for any reason , employee shall promptly deliver to the Company a I dravrngs. 
manua1s, letters. photographs. tapes or video recordings, records o{any kind. and 
all cop· es thereof. that may be in the possession of, or under the co I of, 
Employee pertaining to the Company's employers. 

3. Assignment of Rights to Comp~y. Emp oyee ~rus o 
possible ways in the discovery, perfection. and d elop 

st the Company m all 

inventions. discoveries, devices. and methods...i n,.pr~e.sse$ all for the beqefit of the 

Company and a.s ts exclusive property. Em oyee reu to and does hereby assign. 
transfer, and convey to the Company. 
which are made, developed or c nee 
others, during Emp oyee's emplo.y ent v11 

subsequent to the signing of his Ag e~ment, whether made, 
by Employee during or out.i e of regular'woriting hours or o 
Company's premises or at E ployee expense, the exp 

conceive<! 

s. t any time. the Empl e sha uecute such 

4. Rnsona.blen•ss of Caw,n~ts. Empt 
fo 

e rig t of me Company in the 

acknowledges and agrees a.s 

h"s Agreement and are reasonable and 

11.n he operations and business of the Company, 
tat1ons of the covenants set forth in this Agreement 
o protect the goodvnll and the operat ons and 

business of the Com~ ¥. 1 the covenants set forth in this Agreement are not 
oppressive to Employee and do not mpose a grutu restraint on Employee than is 
ne<essary to protect the goodw1 I and the operations and bus ness of the Company. 

5. Remedies. Employee recognizes that irreparable injury or damage will result to the 
business of the company m the event to the breach of any covenant contained n this 
Agreement and Emp'oyee therefore agrees that in the event of S\.ICh breach on the 
pa.rt of the Employee. the Company shall be entitled. in addition to any legal or 
equ itable remedies and damages ava.ifable, to an injunction to restrain the violation 
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thereof by Emp oyee and ah other persons action for or on behalf or Employee . Any 
claim of Employee against the Company shal not pre\fent the Co.-npa.ny from 

enforc.ng any proVtsion of this agreemenL Further. in the event legal action is 
necessary to enforce any of Employee's ob i gat·ons hereunder ,d'"the ~mpa.ny 
preva.ls in such legal action, the Company shall be entitled to a recovery'~ ts 
attorney's fees expended in such act·on. 

6. Reformation. Whenever possible. each provision 

provided. however. incase any on or more of 

Agreement sha.I • for any reASon. be held t e invali 
any respect, such ·nva.I dity, illega.l·ty. 0( !'en rhty shall no aff 

n 
any the 

provis on of this agreement, and th1s Agre•ment shall be construed •i.s.,1f such 

inva id, llegal, or unenforceable cov1~on ha never been cona. ed rei.i\. Should 

a coJrt of competent jurisd ictiqh d are any of the pro · sions t 

ze the ourt. to the extent perm1ss ble by 'aw. to re\iise or 

· a manner suffcie touuse t'hem to be enforceable. 

im·entio processes. compilations ·riferma.tion. materials, ingred' ents, customer 
sts. rec~rHs. specrficat:!o an~ trade secrets of any affiliate of the Company. For 

th se of this Agreemen . th • iate• mea.ns any person that. directly or 

indire<tly. controls. or contro1I by, or rs under common control wtth. another 
person': ·person· me~ a.ny i Mdua.I, corporation. partnership. joint venture, 
limited liab lity company, ~noci-a.tton, joint stock company. trust, unincorporated 

o rganization or any other form of enuty and ·contror means the power to direct or 
cause the d rect on of the manilgement and pol des of a person. d irectly or 
indirectly, whether through the ovrnersh ip of \'Ot.mg securities by contract. or 

otherwise. 

8. Compelled Disclosure. ln the event that Employee is requested or required (by oral 

questions , interro-gatories. req uuted for information or documents, s \lbpoenas. ci\11'1 
in\•esogative demand or similar process) to disclose any of the confidential business 

infonna.t.1on of the Company. it is agreed that Employee w II prov-de the Company 
with immed iate notice of such reqJest(s). so that the Company may seek an 
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appropriate protectwe order or. ff appropnate, waive Employee's comp iance vnth 
this agreement. Employee agreed that. if in the absence of a prote 

receipt of a Vt'aive hereunder. Employee is nonetheless. in the rea 
Employtt's counse, legally compelled to dis< ose the confident! business 
information of the Company or else stand liable for contem 

or pena ty, Emp oyee may, after prior notice to the Gomparty. 

confidential business information of the Comp~ to 

9. fndemnity. Employee agrees to indemn fy ts 

directors. officers. employees. agents, a a Cfneys, rom and after the-ckte heieof 
against any and al actions. cause~o( a n, c1&ms, suites, proceedin • dell\ands, 
assessments. demands, settlement dgn\mt, damages. loses. costs, a(id tega il:nd 

other expenses arising out of or r~ul f Employee to 

Company with any co\lenant Qr agreement made herein. 

of uch of the pa ·es is contract shall be 

OU5tO Harris County. TO THE ElQ"ENT ~T PROHIBITED gy 
T.HE ~RTlES HEREBY KN~NCL OLUNTARllY, AND 

\YA \IE ANY RIGHT T RIAl.. BY \JR THAT THE COMPANY OR 

E LO\'EE MAY VE IN ACTION OR i>tlocErn G, IN LA\Y OR IN EQUITY. IN 

CO Ecnq'N WITH THIS AGREE T. £H RTY REPRESENTS AND WARRANTS 

THAT NEITHER PARlY HAS REf ESENTfP. EXPRESSLY. OR OTHERWISE THAT IT Will 

NOT, THE EVENT l A E>N. S TO ENFORCE THIS RIGKT TO JURY TRIAL 

WA ER. EACH P ~ ACKN6WlEOCES THAT THE OTHER PARTY HAS BEEN INCtUDED 

TO ENTER INTO TH AGREW 

THE WAIVER. 

BY. AMONG OTHER THINGS, THE PROV1SIONS OF 

11 . Wa.ivu. No waiver of any pro\li5 ion of this Agreement sha.JI constitute a waiver of any 
other provision of this agreement, nor such waiver constitute a Vlaiver of any 

subsequent breach of such provision. 

12. Acknowledgement of Rtc•ipt. Employee acknowledges a receipt of a copy of th-s 

Agreement. which has beoen executed n mulbple copies, a.JI executed copies of that 

sh~I be deemed orig"nals. 
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13. No Promise of Employment_ It is expressly agreed that this Agreement ts not a. 
promise of future emp oyment. 

14. Assignment· Surviv~. This agreement shall not be assignable b 
agreement and the obligat ons of Employee hueunder. st)~ 

of Emp oyee's employment with the Comp4ny. 

e. This 

15. Entire Agreement_ This Agreement entered i" to-b t'he Co pany and Emp'toyee, 

embodies t~ ent r<e agrument and 11nderstanding between the Company dthe 

Emp oye-e reJating to the subJect matter r~ f and upersede_s atl pn gree en~ 
and understand ings relating to emJlloymen and compensafon o the E1\1 oyee 
and may on ly be amentfed by aw tten agreement signed by all a(ties. ereto. 

Employee Pri nted 

Date 

RIGHT SOLUTIONS I RI( HT PARTNER 
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De artment 

Houston 
HRMS 
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APPENDIX E - Analytical Equipment 

Instrument Make 
A ilent 6890N GC 

HRGC/HRMS (E-HMS-01) 

HRGC/HRMS (E-HMS-02) 

HRGC/HRMS (E-HMS-03) 

HRGC/HRMS (E-HMS-04) 

Shaker 

Rotary Evaporators 

30012 4 
Siemens ELGA Pure Lab Classic 
Branson Ultrasonic Cleaner (251 OR-Mn 
Branson Ultrasonic Cleaner (551 OR-Mn 

s R 



Table E..2 
Instrument 
Refrigerators, 
Freezers 

GC/MS Systems 

Service Contract 
(Waters) 

Balances 
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Calibration And Maintenance Schedule - Houston Facilit 
Activit 
Thermometers are immersed 
in liquid to the appropriate 
immersion line 

Ion gauge tube degassing 
Pump oil-level check 
Diffusion Pump oil changing 
Analyzer bake-out 
Analyzer cleaning 
Resolution adjustment - Tune 
MSD 
Auto sam ler maintenance 
Class "S" traceable weight 
check 
Clean pan and check if level 
Field service 
Check resistance 
Check deionizer light 

Documentation 
Temperatures are Worksheet/logbook 
recorded each day in 
use 

Worksheet/log book 

Deionized/ 
Water 
(Maintained 
Siemens 

by Replace cartridg & 

Drying Ovens 

Refrigerators/ 
Freezers 

mixed bed resin.s 

s R 



Table E.3 Preventive Maintenance Procedures 

Instrument 

Refrigerators 
and coolers 

Fume Hoods 

Ovens 

Analytical 
Balances 

High 
Resolution 
GC/MS 

Activity 

Record temperatures 
Clean coils 
Check coolant 
Face velocity measured 
Sash operation 
Change filters 
Ins ect fan belts 
Clean 
Record Temperatures 
Check alignment 
Check calibration 
Clean ans 
Check gas supplies 

s 
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Laboratory Performed 

R 

Frequency 

Daily 
Annually 
Annual I 
Quarterly 
As needed 

, Annually 
Annual I 
Annually 
Daily 
Daily 
Daily 
JXfter each use 
Dar~\!Jeplace 

when 
R essure 
reaches 
SO psi 

Daily 
As needed 
As needed 
As needed 
As needed 
As needed 
Annual I 
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APPENDIX F - Containers, Preservation and Holding Times 
Table F. 1 Containers Preservations and Holdin Times 

MAXIMUM 
DETERMINATION MATRIX0 · b CONTAINERC PRESERVATIONd HOLDING 

TIM Ee 

Dioxins/Furans by EPA 8290 w G 4°C 30 days 

Oioxins/Furans by EPA 8280A w G 4°C 30 days 

Dioxins/Furans by EPA 8290 s G 
30 days, 1 year if 

frozen 

Oioxins/Furans by EPA 8280A s G 
30 days, 1 year if 

frozen 

Oioxins/Furans by EPA 16138 w, ow G 1 year 

Oioxins/Furans by EPA 16138 s G 1 year 

Oioxins/Furans by EPA 23 A XAD 30 days 

Dioxins/Furans by EPA 16138 T G 1 year 

Dioxins/Furans by EPA 8290 T G 30 days 

Dioxins/Furans by EPA T0-9A A 7 days 

Polychlorinated Biphenyls (PCBs) w <6°C 1 year 
b EPA 1668 
Polychlorinated Biphenyls (PCBs) s 1 year 
b EPA 1668 
Polychlorinated Biphenyls (PCBs) 

1 year b EPA 1668 
Polychlorinated Biphenyls (PCBs) 45 days 
b CARBf 428 
Polycyclic Aromatic Hydrocarbons 
PAHs b CARB1429 

XAD 21 days 

Pesticides by EPA 1699 G 7 days 

G 1 year 

a 

b 

s R 



SOP Number 

CE-GENOOl 

CE-GEN003 

CE-GEN004 

CE-GENOOS 

CE-GENOOG 

CE-GEN007 

CE-GEN008 

CE-GEN009 

CE-GENOlO 

CE-GENOll 

CE-QAOOl 

CE-QA002 

CE-QA003 

CE-QA004 

CE-QAOOS 

CE-QAOOG 

CE-QA007 

CE-QA008 

CE-QA009 

CE-QAOlO 

CE-QAOll 

CE-QA012 
HE-CHP <\... 
HE-EXTOOl "' 
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APPENDIX G - Standard Operating Procedures 

TITLE - Houston HRMS 

Laboratory Ethics and Data Integrity 

Records Management Policy 

Preventive Action 
Document Control ~ 
SOP for Data Recall ~-' 
Procurement and Control of Laboratory Services and sui:(plieS\' 

Method Development -- ''Jr 
Establishing Standard Operating Procedures lrJ.IA-
Handling Customer Feedback A"' \"¥ )J 
Assigning a TSR to a Project ,,,,~ 

Internal Audits -"' ~ ,..._ 

Manual Integration Policy ~''> ):( 
Training Policy A\\ H ,....,,._ "' .... Qual ification of Subcontract ~aporatd"rie:s? 

..J( '' '-" 
Laboratory Management ~v~w''-

- ' ' v 
Proficiency Testing SaJ11ples "-'.Av A0> A~ 
Making Entries Ont~»(iXnalYtlea l Records \\#' lJ 
Nonconformanc_es~ncf'C,_orrective Actions lh.'-'-~ 
Control Lim it~'"\) ~\. '' Estimation ot\Uncertair ty of Analytical M$isure~i:its 

-

Perforrrtlng'M~~~Efetection Limit St'\~Esffiblish i ng Limits of Detection 
and Li1"11i~ of Q antitation A 

Q\Jal~y ... of..Stan dards and Reagent.s,, '.' Jr' 
~ChemiCa}Hygiene and SafetyJMan-uaJ"~ 

EX(ra__ction of Liquid Samples f.9\..Analy~is of PCB and PCDD/F Compounds by HRMS 

HE-EXT-0~' "' y oxRlet Extraction of (fd~~sf e{Ai{ Samples for Ana lysis of PCB and PCDD/F 
-'c;ompounds .-

HE-EXT003~ -'Clean-u~Z{eessing~~~~gfeExtracts Contain ing Polychlorinated Dibenzo-p-
Dioxins a ~olychlori ated Dibenzofurans, and Polychlorinated Biphenyls 

HE-EXT004 Air Trap Preparation)/ 
HE-EXTOOS SUBSAMPLING)\ND/ COMPOSITING OF AQUEOUS AND SOIL SAMPLES 
HE-EXTOOG Preparation of Standard Solution 

HE-EXT007 Tissue Preparation 

HE-EXT008 Total Solids 
HE-GENOOl Washing Reusable Glassware and Equipment 

HE-HMSOOl Analysis of Polychorinated Dibenzo-p-Dioxins and Polychlorinated Dibenzofurans by 
High-Resolution Gas Chromatography/High Resolution Mass Spectrometry 

HE-HMS003 HRMS DATA REVIEW AND REPORTING 
HE-PMOOl Project Management 

HE-QA002 Report, Data, and Record Archival 

HE-QAOOS Calibration Verification of Support Equipment 

HE-QAOOS Local Addendum to the Corporate Procedure for LOD/LOQ 

s R 



SOP Number 

HE-QAM 
HE-SAF002 

HE-SM0003 
HMS-1668A 

HMS-16688 

HMS-1668C 

HMS-8280A 

SMO-BOT 

SMO-VOLWARE 

SMO-WET 

TITLE - Houston HRMS 
Houston HRMS Quality Assurance Manual 

Exposure Control Plan - Bloodbom Pathogens 
Waste Disposal 
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Method 1668A: Chlorinated Biphenyl Congeners in Water, Soil, Sediment Biosolids 

and Tissue by HRGC/HRMS 
Method 16688: Chlorinated Biphenyl Congeners in Water, Soil, Sed iment Biosolids 

and Tissue by HRGC/HRMS 
Method 1668C: Chlorinated Biphenyl Congeners in Wate 

and Tissue by HRGC/HRMS 
Method 8280A: Analysis of Polychlorinated Dibenzo=-12- , io ins ma Polychlorinated 

Dibenzofurans by Gas Chromatography/High Resoluticm MasS"Spectrometry 
(GC/ HRMS) 
Bottle Order Preparation and Sh ipping 

Checking Volumetric Labware 

Sample Receiving 

s R 
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Data Qualifiers 
~IS Qu:alifiu Set 

B Indicates d:e as~OCJ.a.ted anal)Te was found m die medwd blank at 
\d.l.ue 
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tberepomd 

E fatimared i:alue. The reportl!d concentration is abo.-e the ca!ibranon Tange of the 
msuument. 

H Sample extracted and.' or analyzed out of suggected ~g ~ .. 
J Estimated value. The nported conceruratton is belc>V{ mf. 
K The ion abw!.dance ratio between the pnmary and .!i~ndary ions were out1de of 

theoretical acceptance l.unrt!>. Reported conc~is con.sen-a.tin es~te.)iowever 
EMPC correction was not apphed. 

P Cblorod.iphenyl ether mterference ~ ~t • the ret,ennon time of the 
Reported re.-"Ltlt should be coll!;1dered an ~te.. 

Q ~fonitored !oclc-maz mchcates m.atnx-mte.rf~. Reported lb-ult u e.:..-tunated.. 
S Signal !>a1urated detector. ~'"ult reporte om dilunon. 
U Compound was ana..lyzed for. bur "~not detected pm). 
X See c~ Na.rratn·e. 
Y Isotop1cally Labeled S eco.'\'Wy oubde of acceprmce ~- In all ~. the 

~gna.l-to-nois ratJ.o:j are ~ate.r't14an 10:1, makmg the leco\1Ule5 acceptable. 
i The ~IDLIMlU. ha e ... ,ele,'4ted due to a matnx in~ 

RIGHT SOLUTIONS I RI( HT PARTNER 
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APPENDIX I - C lled dN D 

(['~ 
Title Revision ~~ocation* 

Number or Date A 

EPA Method 1613 B-10/ 94 ,....._ "-' \vt'H:\Ql\QC\Published Methods\ 
EPA SW-846 Method 8290 09 / 94, "-' "-' ~),QAQC\Published Methods\ 
EPA SW-846 Method 8290A A (2007) "-' "-' H:\ QAQC\Pu.l;>lished Methods\ 
EPA SW-846 Method 8280 A - 12196 4-.."-"-'""' H:\QAQC\Pu~li$ed Methods\ 
EPA Method 1668A A - 08 / 03 tr 

'' y 

H:\QAQC\Put5Hs~·e,d Methods\ 
EPA Method 1668B B - 11 / 08 jl '" JI H : \QAQ~\i?lit1llsh~M~thods\ 
EPA Method 1668C c - 04/ 10 t,,....._,, '-"""' H :\QAQ.C~Publ~h~d'"Methods\ 
CARB Method 428 09 / 90 <~\.. '' H :\QAQ~F\.1blisfled Methods\ 
CARB Method 429 07/ 97 ,,-. ' "'""y ~~Q~~\Pu.bJished Methods\ 
EPA Method T0-9 A - 01 / 99 ,.Jr "' ..,, '-""' til\Q)QG\published Methods\ 
EPA Method 23 05 / 95 '" ~ ,.-•·:-•• ... J+:~ QAQ<;,\Publ i shed Methods\ 
EPA Method 1699 12107~ ,, ,,-1 ( 't*~QJ:XQC\Published Methods\ 
EPA Method 1614 081or t 

'' v ""'' H':\.~AQC\Published Methods\ 
EPA Method 1614A ~--0~1-Q )/ . ,.~ '. ' H :\QAQC\Published Methods\ 
NCASI Technical Bulletin 0551 / C)'J/ 89 ~ '' '' ~ H:\QAQC\Published Methods\ 
EPA SW-846 Method 8000 , s._- 121)9p A 

'' v 
H:\ QAQC\Published Methods\ 

The NELAC Standard /-' 6~Y03Y __ ,, 
)r' H :\ QAQC\Published Methods\ 

TNI Standard A ~r ";0~109 Ir"""~--'/ H:\ QAQC\Published Methods\ 
ISO/ IEC 17025 ' ' '' 2005 \\ " H :\QAQC\Published Methods\ 
EPA SOW OLM A ' ' "' 2.2 - 12109 /':. :"'-."' ""'-# 

H:\ QAQC\Published Methods\ 
EPA SOW CBC ' ' '' 1.2 - 12109 If '' H :\ QAQC\Published Methods\ 
EPA Manual for the Certification of ~.ey5 5th~~~ ~ H:\ QAQC\Published Methods\ 
Analyzing Dri nking Water 
EPA NFG for Chlorinated Dibenzo-p-dioxins and 09~' )) H:\ QAQC\Published Methods\ 
Chlorinated Dibenzofurans Data Review 
Solutions to Analytical Chemistry Problems with 03101v H :\ QAQC\Published Methods\ 
Clean Water Act Methods 
UFP Workbook 1 - 03 / 05 H :\QAQC\Published Methods\ 
UFP for Implementing Environmental Quality 2 - 03 / 05 H:\ QAQC\Published Methods\ 
Systems 



A 
Title 

EPA Guidance for Assessing Chemical Contaminant 
Data for Use in Fish Advisories, Volume 1: Fish 
Sam Q[in_g a11<:1_An~}'sis 
Organization for Economic Co-operation and 
Development, Principles on Good Laboratory 
Practice 
DoD QSM 
40 CFR 136 and 141 
A2LA P101 - Reference to A2LA Accredited Status -
A2LA AdvertisinQ Polic 
A2LA P102 - A2LA Policy on Measurement 
Traceability 
A2LA P102a - A2LA Policy on Measurement 
Traceabilitv for Life Sciences 
A2LA P103 - Policy on Estimating Measurement 
Uncertainty for Testing Laboratories 
A2LA R103 A2LA General Requirements for 
Proficiency Testing 

RIG 

Revision 
Number or Date 
3rd ed.-11/00 

01/98 

4.2 - 10/2010 
07108 
06/17/2011 

05/05/2011 

10/18/2007 

() '\ s RIG 
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R 

Location• 



A 
State/ Agency 

A2LA 
Arizona 

Arkansas 
California 
EPAASB 
Florida 
Illinois 

Louisiana ELAP 
Louisiana DHH 

Maine 
Michigan 

Minnesota 
Nevada 

New Jersey 
New Mexico 

New York 
Oklahoma 

Oregon 
Pennsylvania 

Tennessee 
Texas 
Utah \' 

Washington ' West Virginia ~ 
Wisconsin ~' 
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Page 6 - Accreditation Program Requirements 

Location (webstt~).' 
http: I /a2la.o.f"g/ '' http: I lwww.azdhs.gov/ labJ,~k~nse)/,env .htm 

http://www.adeq.state ,~P~u~ltechSY'sllabcert.htm 
http: I /ww2.cdph. ca_~gov /~~r,t-OC/~ps/Pages/ELAP. aspx 

http: I /www.epa.gox_/s~rf4ndlpr.dgrams/clp/index.htm 
http: I lwww. flon<$aQep: ergtta15s/ qa/ dohforms.htm 
http: I /www.,epa.~tate,il~tJs/ labs/progra,min,Jo.html 

http: I 4Ww~4eq :tQtiisiana. gov I port~traJt 
http: I lwww .dh'1.AQ~is1ana. gqv I offices! page. a~?.ig=2:&0~d~tail=8332 

http: I lwww .maine. gqv I d~h{ I eng.Zwa(e-r /Templates /La.b<;erti~c._atic;mfLabCertification. htm 
http: I /ww#<;.,Tiiehlg~'f\.gov I deq /0, 1607, 7-135-'3~0] _ 411~~4156---,00.html 

http: Y~/~w. h~\lth. state .mn. us/ 9i~/f}blY"certlindex. htm l 
~~h~tp\)>/i!dep.nv.gov/bwqpNib/lp;q~rV-ice.htm 

~( ntt'p~//www.state.nj.u_s LdepYpqa!Ubcert.html 
.--''http~ /www.nmenv. s~~te-.j\Jtl;<uSEf.wb/index. htm 

/r-......' n~\p: I lwww. wadsw9rtn!9rg/l'a_bc;ert/ elap/ elap. html 
\\ ) l http: //www.dect..St~te;oo_k~s/csdnew/ labcert.htm 

~ ''-41http: I lwww. de,q-.._sta-~e-.. ._ar .u'sJtab/ORELAP I ore lap. htm 
j ( http;.f(www.depweb. state.p~1.1s-( la-bJ4cwp/view.asp?a=3&Q=515609&labsNav= I 

..- \'- h~tp://www.state.tn :(is{envit9n1J1entldws/d rinking_water_program.shtm l 
. /~'f.to.~JWwvf. tceq. state. tx. ysr~m)>Jian~/Compliance suooort/ qa I env lab accreditation. html 

'~ '\ fr http:~Nhealth. utah.gov/ lab/labimp/ 

''' '' )'1ttp://www.ecy.wa.gov/ 

' ' v ~ttp:.K_www.r~dep.org/item.cfm?ssid=11 &ss1 id=166 
ll hUP-: I /~.dnr-;~tate. wi.us/org/es/science/ lc/ APPLICATION/Index. htm - , ' '" 

~ 
"' 

RIG s RIG R 
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APPENDIX J - Laborator Accreditations 
Accrediting Body Certificate Number 

DoD ELAP 2897.01 

ISO 17025 2897.01 

ARIZONA AZ0725 

ARKANSAS 12-035-0 

CALIFORNIA 2452 

FLORIDA/N ELAP E87611 

HAWAII N/A 
ILLINOIS/N ELAP 

l<ANSAS/NELAP 

LOUISIANA/N ELAP 

LOUISIANA/NELAP 

MAINE 

MARYLAND 
MICHIGAN 

MINNESOTA 

NEVADA 

NEW JERSEY 

P330-12-00002 

C819-1 2 

347 
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ANALYSIS OF POL YCHLORINATED DIBENZO-P-DIOXINS AND POL YCHLORINATED 
DIBENZOFURANS BY HIGH-RESOLUTION GAS CHROMATOGRAPHY / HIGH-RESOLUTION 

MASS SPECTROMETRY (HRGC/HRMS) 

1) SCOPE AND APPLICATION 

1.1 This procedure provides the analytical conditions and procedures for the detection and 
quantitative measurement of polychlorinated dibenzo-p-dioxins (PCDDs) and 
polychlorinated dibenzofurans (PCDFs) in extracts by isotope dilution High Resolution 
Gas Chromatography/High Resolution Mass Spectrometr)I (HRGC/HRMS). 

1.2 The procedure incorporates the analysis of PCDDs/P~pFs v.1 the following referenced 
methods: 
1.2.1 US EPA Office of Water, Method 1)51 3B 
1.2.2 US EPA Office of Solid Waste, S~8'46 M~tl<ogl8290A 
1.2.3 US EPA Office of Research and D velop[ne.nt Method T0-9A 
1 .2.4 US EPA Office of Air Quality Planning ~tandards M~hod 23 

1.3 The followin com ounds can be determined b this method. 
Analyte ~S Registry No 
2,3,7,8-Tetrachlorodibenzo-p-diQ)<tn (T~DD) 1 T4 -01-6 
1,2,3,7 ,8-Pentachlorodibenzo-11:"dlox·n (f!eCDD) ~0321-76-4 
1,2,3,4,7,8-Hexachlorodiben~p-A~oxjn (HxCDD) 3'9227-28-6 
1,2,3,6,7,8-Hexachlorodlbenzo-p-dtpxin (HxCDD} 57653-85-7 
1,2,3,7,8,9-HexachlorodJbein~dioxin (HxCDO~ 19408-74-3 
1,2,3,4,6,7,8-Heptachlorodil:>~nzo-p-dioxin (H~C[}C.) 35822-46-9 
1,2,3,4,6, 7 ,8,9-0ctjadilorodit)enzo-p-dioxi (OCOD) 3268-87-9 

2, 3, 7 ,8-Tetrachlorq_dtbenzof u ran (TCDF) 
1,2,3,7,S· e tachl'c:lrodibenzofuran PeCDf' 
2,3,4,7,8-~ :_q,_ta hlorodibenzofuran P.eC f) 
1,2, A,7,8·f\~.xachlorodibenz~ftTra(l ( XCDF) 
1,2,3,'6 ,8-H&xachlorodieenzofuram (HxCDF) 
l ,2,3,7,8,,9:HexachloJ dlbe zofuran" (HxCDF) 
2,3,4,6,7,8-Hexachlor- dibenz-Ofuran (HxCDF) 
1,2,3,4,6,7,8-Heptachlo di ~nzofuran (HpCDF) 
1,2,3,4,7,8,9-Heptachloro enzofuran (HpCOF) 
1,2,3,4,6, 7 ,8,9-0ctachlorodlbenzofuran (OCDF) 

Total Tetrachlorodibenzo-p-dioxin (TCDD) 
Total Pentachlorodibenzo-p-dioxin (PeCDD) 
Total Hexachlorodibenzo-p-dioxin (HxCDD) 
Total Heptachlorodibenzo-p-dioxin (HpCDD) 
Total Tetrachlorodibenzofuran (TCDF) 
Total Pentachlorodibenzofuran (PeCDF) 
Total Hexachlorodibenzofuran (HxCDF) 
Total He tachlorodibenzofuran (H CDF) 

51207-31-9 
5 711 7-41-6 
5 7117-31-4 
70648-26-9 
571 17-44-9 
72918-21-9 
60851-34-5 
67562-39-4 
55673-89-7 
39001-02-0 

41902-57-5 
36088-22-9 
34465-46-8 
37871-00-4 
55722-27-5 
30402-15-4 
55684-94-1 
38998-75-3 

1.4 The calibration range of this procedure is 0.25 to 200 ng/ml for TCDD/TCDF and 
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PeCDD/PeCDF. This equates to 5 to 4,000 ppq for a 1 L water samples, 0.5 to 400 ppt 
for a 1 Og soil, sediment, ash, or tissue samples., and 5 to 4000 pg/sample for air 
samples (TABLE 1 ). 

1.5 A calculation for reporting the analytical results using a 2,3,7,8-TCDD toxicity 
equ·ivalency factor (TEF) to obtain a total toxicity equivalence quotient (Total TEQ) is 
described. Refer to the current revision of HE-HMS003 for further discussion of Total 
TEQ. 

1.6 This procedure is designated for use by, or under the supervision of analysts 
experienced with residue analysis and skilled in HRGC}HRMS. 

1. 7 This procedure details the operating conditions and requir-ements for PCDD/ PCDF 
analysis by HRMS. For specific details regarding the l(lttru -ent operations and 
troubleshooting, refer to the User Manual for ef li ~91ponent of the system (Section 
19)). 

2) METHOD SUMMARY 

2.1 

2.2 

2.3 

2.4 

2.5 

Samples are prepared for analysis u~ipg m f ri'X specific extractie.n techniques, analyte 
specific clean up, and HRGC/HR all I sis techniques. Th_.e:50Ps for. these procedures 
are listed in TABLE 1 . 

The preparation of the final extract fQr HRGC/HRMS ~a~si is accomplished by 
adding 20µL of a nonane sot qon, eontaining 100 p~t: ~ i'tle recovery standards 13

(-

1,2,3,4-TCDD and 13(-1,2,3,7,'8~-HxCDD, to the e~t{'act~hese compounds are used 
to determine the pe~nt r~overies of the isotopi~IIV"C' C) labeled standards. TABLE 2 
outlines the relati 11 sh fP bek een recove~ 'St~ndarct and labeled internal standards 

A 1-µL aliquoJ;,o h t:oo~entrated extraQ 1 iQjected into a HRGC/HRMS system 
capable of pe{form g selected ion 91onit rin'Q at resolving powers of at least 1 0,000 
(1 O perceflt val ey efinition). 

Th) COR~ners;associated dire<+tfy wit-,~ uC' labeled standards are identified based on 
the utioo of the congeners a.t the s¥fle retention times as their respective labeled 
standar~s. T he remaining ong ~er~ for which 13C labeled standards are not present 
are ident ified when their r tention times fall within the windows established during 
ro ti e' calibratio . Alr 'Con'geri.e.rs are also identified based on the simultaneous 
detection of the o mos ~bundant ions as well as the comparison of the ratio of 
these two ions wit theo etical ion abundance ratios. 

Quantitation of the i ividual congeners, total PCDDs, and total PCDFs is achieved in 
conjunction with the establishment of a multipoint calibration curve for each 
homologue. For details on processing data obtained through this procedure, refer to 
the current revision of the SOP for HRMS Data Review and Reporting (HE·HMS003). 

3) DEFINITIONS 

3.1 Abbreviations 
PCDD = 
PCDF = 

Polychlorinated dibenzo-p-dioxin 
Polychlorinated dibenzofurans 

TCDD 
PeCDD 

= Tetrachlorodibenzo-p-diox in 
= Pentachlorodibenzo-p-dioxin 



A 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 
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HxCDD = Hexachlorodibenzo-p-dioxin 
HpCDD = Heptachlorodibenzo-p-dioxin 
OCDD = Octachlorodibenzo-p-dioxin 

TCDF = Tetrachlorodibenzofuran 
PeCDF = Pentachlorodibenzofuran 
HxCDF = Hexachlorodibenzofuran 
HpCDF = Heptachlorodi benzofu ran 
OCDF = Octachlorodibenzofuran 

PFK = Perfluorokerosene 

cs = Clean up standard 
IS = Internal standard 
RS = Recovery standard 

HRGC = 
HRMS = 

TEF = Toxicity eguJvaf.el1,ce factor 
TEQ = Toxicity equi'(alent 
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Polychlorinated diben~..,...dioxins (PCDD~ ~n ~ye orinated Dibenzofurans 
(PCDFs) - compol\ ds t at contain from 1 l'.a""il hloritie atoms, resulting in a total of 
75 PCDDs and 135 PCDFS. The structures te shd\yn in Figure 1. 

Isomer - co pounds having the sa'I'e n\ini.ber>and type of ch lorine atoms, but 
substituted in aifferent positions. 

ln(ern'al ~tand4}rd Solution- a ~lutiQCI containing the isotopically labeled analogs that 
is allCted to all samples, includina met~od blanks and quality control samples, before 
extract· en. 'The labeled st.a:m:tards ~fe used along with response factors to measure the 
concen f/ations of tbe..anal~es. (liable 2). 

Ca11btation Sohlt(ons - olot ons containing known amounts of unlabeled 
PCDDs/PCDFs an labele standards (Table 4). These solutions are used to determine 
the instrument respons f the unlabeled analytes relative to the en labeled standards. 

Recovery Standard Solution - a solution containing the recovery standards that are 
added to the extract after final concentration for HRGC/HRMS analysis to determine 
the recovery efficiencies achieved for the Cl 3 labeled standards (Table 3). 

Clean Up Standard Solution - a solution containing one Cl37 labeled standard that is 
to be spiked to the sample extract prior to performing any clean up procedures (Table 
3) 

Matrix Spike Solution - a solution of native (unlabeled) PCDDs and PCDFs that are 
spiked into the laboratory control samples or matrix spike samples prior to extraction 
(Table 3). 

Method Blank (MB) - represents the background contributions from glassware, 
extraction and clean up solvents. An MB is spiked with a solution of Cl 3 labeled 
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internal standards, extracted, cleaned up, and analyzed by HRGC/HRMS in exactly the 
same manner as the test samples. 

3. 10 Laboratory Control Sample - A known matrix spiked with analytes representative of 
the target analytes. This sample is used to document laboratory performance. 

3.11 Allowable Marginal Exceedance - random outliers to acceptance criteria, which are 
not occurring repeatedly, and a systematic way. The number of allowable marginal 
exceedances for any LCS/DLCS is 1, based on the 17 analytes reported for this 
procedure. 

4) INTERFERENCES 

4 .1 

4.2 

4.3 

4.4 

5) SAFETY 

Solvents, reagents, glassware and other sample prece~Stl'J~ hardware may yield 
discrete artifacts or elevated baselines that may c~~misinterpretation of the 
chromatographic data. All materials used'3urill\SI t fie .ex traction procedure must be 
demonstrated to be free from interferences ander.the conditions of analysis by 
performing laboratory method blanks. Analystrupould avoid using polyvinylchloride 
gloves. 

The use of high purity reagents Mtf o!ve_.9 s helps minim·~nte erence problems. 
Solvent lots are tested for ttle ~iance -oFPCDDs and PCBFs prlor to use by the 
laboratory. 

Interferences co-extracte4fr<tn:.i the sample will varj c s\qerably from matrix to 
matrix. PCDDs and PCofs are ))tien associated wi h ot e.r:Jfnterfering chlorinated 
substances such as polycll{orinated biphenyls tpCB } porychlorinated di phenyl ethers 
(PCDPEs), polychlormate naphthalenes, anct polych1orinated alkyldibenzofurans that 
may be found at coo~n ations several o ers or.magnitude higher than the analytes 
of interest. R tention times of target analyt q,re verified using reference standards. 
These valu.es ust j:.orrespond to th estabHsfied retention time windows. Refer to HE
EXT0031fo ..... cl~anup- options ava~ab~ tJ re(juce interferences, and to achieve lower 
de ctioh lim1tS\ 

lnterfe encse with 2,3,7,8-l:c;D-f i wel documented on the DB-5 chromatographic 
<;._olumn. As such, all pas· 1ve 2, ,7,8-TCDF detections are confirmed on a DB-225 
~Se(:tiop 12.6.3) giro at_ograpjlic column which is capable of resolving 2,3,7,8-TCDF 
from other TCDF. isomer$. 

5.1 The 2,3,7,8-TCDD isomer has been found to be acnegenic, carcinogenic, and 
teratogenic in laboratory animal studies. Other PCDDs and PCDFs containing chlorine 
atoms in positions 2,3,7,8 are known to have toxicities similar to that of 2,3,7,8-TCDD. 
As such, 2,3,7,8-chlorine substituted isomers can pose health hazards if handled 
improperly. Only highly trained individuals who are thoroughly versed in appropriate 
laboratory procedures and familiar with the hazards of dioxins should handle these 
substances. 

5.2 The laboratory will ensure that all analysts receive adequate safety training prior to 
working with the chemicals and compounds associated with this method. 

5.3 The solvents and acids in use in the laboratory may be hazardous and should be 
treated as such. Exposure to these chemicals must be kept to a minimum. See the 
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Environmental Health and Safety Manual, CHP (Chemical Hygiene Plan), Section 5, for 
more information. Additionally, material safety data sheets (MSDS) are available in the 
laboratory for review prior to handling solvents and reagents. 

Finely divided dry soils contaminated with PCDDs and PCDFs are particularly hazardous 
due to the potential for inhalation and ingestion. Samples of this nature should be 
processed under a fume hood. Additionally, fitted masks, with charcoal filters should 
be worn to prevent the inhalation of dust. Any activity that may generate airborne 
contamination must be performed with good ventilation. 

The toxicity or carcinogenicity of each reagent used in this method is not precisely 
defined; however, each chemical compound should q' treated as a potential health 
hazard. From this viewpoint, exposure to these cheflllicals st be kept to a minimum. 

A useful method for determining cleanliness of o su rfaces and tools is to wipe the 
surface with a piece of filter paper, extract tbe fil ~r Raper and analyze the extract. 

Materials known, or suspected to contain '2· .~-Substituted PCDD/PCDFs, including 
environmental samples submitted for aAcd ·sis mtist be confineg to designated work 
areas. This includes, but is not limited to'Samples, standard~ reagents , and 
glassware. 

Personal Protective Equipme-0tj PRE) - Disposable gloves, lab co~s, safety glasses, and 
fume hoods adequate for work.With tpese materials must tJ used. Cut resistant liners 
may be worn to protect <\9al - st i riJ!.l)Y caused by brA,ke glas . At the option of the 
analyst, protective shoe."Covers and pants may be. i.Jo . See the Environmental Health 
and Safety Manual, CHP {Chemical Hygiene Plarf), or o(e information. 

Thorough washing ~f ha s and forearm~ fter. each handling of samples or extracts 
and before brp,,a1<s ( offe , lunch, and s.hJft) is recdmmended. Workers must be trained 
in the properCmetho~ of removing contar:Qinat_ed gloves and clothing without 
contactil) t~e xtenor surfaces. Gloves mu t be one time use only and must be 
ch nged frequent y to minimiz1'xflos Fe. 

Care.._i u be taken when handl°'9 co'}lpressed gas tanks in the laboratory. All 
cylindeJ s m st be properl sec (@:.d all times. See Section 6 of the CHP for more 
inform1tion. 

Low- evel conta 
chemical prope 

6) SAMPLE COLLECTION, co~ NERS, PRESERVATION, AND STORAGE 

6 .1 Refer to the appropriate preparatory SOP (TABLE 1) for sample collection, containers, 
preservation and storage requirements. 

6.2 Sample extracts are stored in the dark at room temperature. Sample extracts must be 
analyzed within 45 days of extraction. Extract of tissue samples submitted for analysis 
by method 8290A must be analyzed within 45 days of collection. If analysis occurs 
after this holding time, the results are considered minimum concentrations, and must 
be noted as such in the case narrative. 

6.3 Unused portions of sample extracts are stored for one year after analysis. 

7) APPARATUS AND EQUIPMENT 
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High-Resolution Gas Chromatograph/High-Resolution Mass 
Spectrometer/Data System (HRGC/HRMS/DS) - The laboratory utilizes 
HRGC/HRMS/Data Systems designed to meet the requirements for the 
analysis of PCDD/PCDFs. 
Specifically, the laboratory employs the following systems: 
7.1 .2.1 An Agilent 6890N Gas Chromatograph with a CTC A200S 

Autosampler interfaced to a Micromass Autospec Ultima High 
Resolution Mass Spectrometer. 

7.1.2.2 An Agilent 6890N GC with a CTC A200S Autosampler interfaced to 
a Micromass Autospec Ultima HRMS. 

7.1.2.3 An Agilent 7890A GG with a CTC ~OOS Autosampler interfaced to 
a Micromass Autospec Premier H1Vy1S. 

7 .1 .2.4 An Agilent 7890A GC with a J;...'f: AlOO · ~utosampler interfaced to 
a Micromass Autospec Preniier t:JRMS. 

Micromass Masslynx (Version .4- 1) u ep to obtain all data from the HRMS 
system. 
Chromatographic data is process,.ectus ·n,g OpusQuan ~rsion 3.6. Detailed 
procedures for data reducti n are dis ussed in the c nent revision of HE· 
HMS003. 

7.2 GC Columns 
7.2.1 The laboratory emp·loys ttie;following chrom togrqphic columns capable of 

meeting method per or ance criteria outl ed l11~e~ion 13.2. 
7 .2.1 .1 60m. OB-5 sed silica capillary ~l1:1m9 U&W Scientific, Agilent 1 22-

5062 or equivalent) - This c;;oll:lt!l,rl'iS used for the initial 
etermination of PCDDsfPCctF.s '(TABLE 2). 

7.2. 1.2_ 30m .QB-225 fused silita ca~~q_ary column O&W Scientific, Agilent 
J 2lt2232, or equiva\e.nt) - This column is used to confirm the 
p,\esence of 2,3,("'8-TcOF in samples when the congener is 
&'etected on ttJe.pB 5 column. This column is also available for 
samples re .uri-mg 2,a:;7,8-TCDD reporting only. 

7.3 Mis Han eus Equipmen d Mat.,erials -The following list of items does not 
,(lecess ily constitute an e~ha~ i\fe' compendium of the equipment needed for this 
"inalytic; I method) latrora bQ' s ecific equipment in parentheses). 
7. • 20ml ~ntilla i n 1a (VWR, 66022-004) 
7.3.2 Laboratoi;y fume hoods 
7.3.3 Pipet tip ~,~-200 , Land 10-1 OOOul (Eppendorf, 022492039 and 022492055, 

respective! ) 
7.3.4 GC Goosenec Splitless Liners, 2mm inner diameter (Restek, 20797) 
7.3.5 ThermogreenTM LB-2 11 mm Septa (Supelco, 20654) 
7.3.6 Autosampler Vial Caps, Seal with PTFE Liner, 11 mm (Supelco, 27102-U) 
7.3.7 Carrier Gas, Ultra High Purity Helium (Airgas) 
7.3.8 Perfluorokerosene (PFK) (SynQuest, SpectraSynQ PKF-H, PN 1200-2-20) 
7.3.9 Ultrasonicator (Bransonic Ultrasonic Cleaner, 551 OR-MT) 
7.3.10 Supeltex~ M-2A Ferrules 0.4mm ID (Supelco, 22474) 

8) STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS 

8.1 All standards, reagents, and consumable materials must be logged in and labeled with 
a unique standard ID upon receipt. Refer to the current revision of the SOP for 
Standard Receipt and Preparation, HE-EXT006, for details of standard handling and 
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traceability. Store standards in the dark at room temperature. 

Solvents 
8.2. l Methanol - 99.9% minimum Assay (HPLC Grade, JT Baker, UNl 230, or 

equivalent) 
8.2.2 Nonane - 99.9% minimum Assay (HPLC Grade, Sigma, N29406-500ml, or 

equivalent) 
8.2.3 Toluene - 99.9% minimum Assay (HPLC Grade. JT Baker, UNl 294, or 

equivalent) 

High-Resolution Concentration Calibration Solution - A series of nonane solutions 
containing unlabeled and carbon-labeled PCDDs and P, DFs at known concentrations 
are used to calibrate the instrument. The concentrati n ra'1~s of these series are 
homolog dependent. Refer to TABLE 4 for specifi' 9ntel~~ concentrations at each 
calibration level. These standards are pur~has prepared and are assigned the 
manufacturer's expiration dates. Store~ raom tJ:IPJ! ature in the dark. 

Window Defining/Ge Column Performance ~)\.Solution (WDM) -This solution 
contains the first and last eluting iso ef$. for each homolog0\)5 series from tetra
through heptachlorinated congeners. The s9lution also contains,~ series of other 
TCDD isomers for the purpose of dbcurt'lent'ing the chrorT}ato~rapb.ic resolution. The 
labeled 2,3,7,8-TCDD and TtDf at also present (TABLB.5 . Tli1s ·s purchased prepared 
at 200ng/ml and is assigned- the mqnufacturer's expi ati,.ort4ate. Store at room 
temperature in the dark. 

Recovery Standard Sol lion - Individual labe!edMt lyte are combined to make a 
recovery standard oe ~olution. Perform an..aC:ldi ior;;tal dilution on the stock solution 
to make a recove tani:lard working solut~on . Store"at room temperature in the dark. 

Initial Calibri\ o e cation Standard (R~erence Standard) - This standard is a 
CS-3 mix pur ~ased 'from a supplie~other ttiaW'the primary standard supplier, and 
serves C\ seeg d source ver~c,$tiQn of the initial calibration. This CS-3 mix is not 
use{i a he Cl~ calibration venficatiq_n srandard. This standard is purchased pre-
ma :Ie..an ssigned the manufa~turerl~ expiration date. Store at room temperature, in 
the da . 

~ea h standar o::m st be a 1equately labeled as such. All labels for standards 
destgnated for 1esearCh , ust atso state specifically the intended research to be done, 
along with an a) opriate ~ualifier, such as "For research purposes only." 

9) PREVENTIVE MAINTENANC 

9.1 For details on performing preventive and routine maintenance, refer to the user 
manual for the specific component being maintained. 

9.2 Record all maintenance activities in the designated instrument maintenance logbook. 

9.3 Carrier gas - lnline purifiers or scrubbers must be in place for all sources of carrier gas. 
These remove water, oxygen, and hydrocarbons. Purifiers are changed as 
recommended by the supplier. 

9.4 Gas Chromatograph 
9.4. l Whenever GC maintenance is performed, care should be taken to minimize 

the introduction of air or oxygen into the column. Injection port maintenance 
includes changing the injection port liner, seal, washer, o-ring, septum, 
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column ferrule, and auto sampler syringe as needed. Liners are replaced, at a 
minimum, before every 12-hour shift. Seals changed when recent sample 
analyses predict a problem with chromatographic performance. liners may 
be cleaned and re-used. 

9.4.2 Clipping off a small portion of the head of the column often improves 
chromatographic performance. When cutting off any portion of the column, 
make sure the cut is straight and "clean" (uniform, without fragmentation} by 
using the proper column-cutting tool. 

9.4.3 The performance of the column will deteriora.te over time. The rate of 
deterioration is also dependant on the nature of the samples analyzed. A new 
column is required when, despite preventive~alhtenance, acceptable routine 
and/or initial calibrations cannot be achieved" 

9.5 Mass Spectrometer 
9.5.1 Tune the MS as needed to result 1 consi, ten and acceptable performance. 
9.5.2 The outer source should be cl~edl :eeded, depending on the 

performance of the instrument. 

9.6 Preventive maintenance is performed,.ann atry. by the service ngineer for instruments 
under a service contract. 

I 0) RESPONSIBILITIES 

10. 1 

I 1 ) 
11.1 

It is the responsibility of ~~~aly o perform the; t~ly~is according to the 
instructions in this SO~nd to'~mplete all doc.u e tatioti required for data review. 
Analysis and interpJ: t ·o ~ the results are o~o be-performed by personnel in the 
laboratory who hav de enstrated the abil r¥ t generate acceptable results utilizing 
this SOP. This de · ~ti: tion is in acco.!<1~ ce );· the training program of the 
laboratory. \ tie department supervisory~na er or designee performs final review 
and sign-off o the t!ata. Problems t~ reqpire corrective action are to be documented 
by the ayalvs ncfbrought tot er-attention of the Operations Manager. 

12) PROCEDURE FOR HR / HR S ANALYSIS AND CALIBRATION 

12.1 Typical Chromatogr pli.fc/Mass Spectrometric Conditions and Data Acquisition 
Parameters, actual parameters may vary based on instrument optimization. 

Gas Chromatograph - Operating Conditions 
Column coating: DB-5 
Film thickness: 0.25µm 
Column dimension: 60 m x 0.25mm 
Injector temperature: 3oo·c 
Splitless valve time: 1 min 
Interface temperature: 300'C 
Temperature program: 

I DB·S I INITIAL INITIAL HOLD TIME, TEMPERATURE RAMP, FINAL TEMP FINAL HOLD TIME, I 



STAGE 

1 
2 
3 

STANDARD OPERATING PROCEDURE 

TEMP ·c MIN 

150 5 

Column coating: DB-225 
Film thickness: 0.2 5µm 
Column dimension: 30 m x 0.25mm 
Injector temperature: 24o·c 
Splitless valve time: 1 min 
Interface temperature: 320'C 
Temperature program: 

'C/MIN 

35 
1.5 
7 
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·c MIN 

215 
230 
315 

5 
6 
s 

..,.._os_-2_2_s ... INITIAL TEMP INITIAL HOLD TIME, TEMPERATU~RAMf,. 
STAGE 'C MIN 'C/MIN 

FINAL HOLD TIME, MIN 

1 
2 
3 

130 2.5 0 
1 

13 

12.1.1 Mass Spectrometer (~) R lution 
12.1.1.1 The m's spl!(tremeter is opera edA el ron ionization mode, 

utili~ing se ect ion monitoring (S l\lf) ·tq•Jrlonitor the ions listed in 
TAB.k& 10 for each of the five StM esa iptors. The total cycle time 
{incl t;ling the voltage-nts time) ·$ < 1 second. The set of ions 

onitored for the initi~I calibration is monitored during sample 
ar:aaly- is. The lock-mass toq for each descriptor is defined in TABLE 

rP· 
Details for tun·~ the in~rument are outlined in the user manual 
for each inst trrTle~. :rtie mass spectrometer tuning conditions are 
based on the grou s of monitored ions shown in TABLE 10. By 
using 1- ·J1F mo~c.ular leak, tune the instrument to meet the 
minim m re ired static resolving power of 10,000 (10% valley) at 
mf z -304.9,.824 (PFK). 

12.1.1/.3 Using P.ea matching conditions and the aforementioned PFK 
refere ce peak, verify that the exact mass of m/z 380.9760 (PFK) is 

i\!J i 5 ppm of the required value. Note that the selection of the 
lo mass and high mass ions must be such that they provide the 
largest voltage jump performed in any of the five mass descriptors. 

12. l. l .4 Additionally, for all methods except EPA 8290A, 3-5 masses from 
each descriptor must be monitored to verify 10,000 resolution is 
met. EPA 8290A requires that only m/z 304.9824 and 380.9760 
meet the 10,000 resolution. 

12.1.1.5 The chromatography time for PCDDs/PCDFs exceeds the long-term 
mass stability of the mass spectrometer. Because the instrument is 
operated in high-resolution mode, mass drifts of a few ppm (e.g. , 5 
ppm in mass) can have serious adverse effects on instrument 
performance. Therefore, mass drift correction is required. This is 
why a lock-mass ion from the PFK reference compound is used to 
tune the instrument. 
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1 2 .1 .1 .6 During tuning the level of PFK metered into the ion chamber during 
analysis, should be adjusted so that the amplitude of the most 
intense selected lock-mass ion signal does not exceed 1 0% of the 
full scale deflection for a given set of detector parameters. Under 
those conditions, sensitivity changes that might occur during the 
analysis can be more effectively monitored. 

Note: Excessive PFK may cause noise problems and contamination of the 
ion source resulting in an increase in downtime for source cleaning. 

12.1.1.7 Document each mass resolution c~ck by printing the Masslynx 
"Experiment Calibration Report," wt\tch provides a peak profile 
includes the result of the peak wiP, h measurement (performed at 
5% of the maximum, which correspp nds o the 10% valley 
definition. This report also allows foJ:- fte determination of the 
resolution . 

12.2 Data Acquisition 
12.2.1 The total cycle time for data acqaiS' tibn must be <1 second. The total cycle 

time includes the sum of all the.CJwe l times and voltage reset times. 
12.2.2 Acquire SIM data for all the Ions lis ed in the five dek r:1 tors (TABLE 10). 

12.3 Window Define I GC Column Perfl rmance. Window Defi~ I GG Coli1'mn Performance 
must be demonstrated (and i ocumeQted) to be acceptaDI befor-e further analysis can 
be performed, including ioitial~ibptions. 
12.3.1 Inject 1 µL of the Wi dow Define Mixture MD ; S--ection 8.4) and acquire 

selected ion mooitoring (SIM) data as ~\}It ed4lbove (Section 12.2). 
12.3.2 The chrol] togr.apbic separation betWee~3,7,8-TCDD and the peaks 

represen~l~g an other unlabelec;I ifCbO isomers must be resolved with a 
valley O~a least 25%. This is venfied US·U1g the following equation: 

x 
Vall~y Peroenf = Y x 100 

Whee: 
X = Troligh height meas red b~'ween 2,3,7,8-TCDD and its closest eluting isomer 
V :: RPak height of 2,~1,8<.J'C 0 

J 2.3.3 The WDM also CG tains 'the known first and last PCDD/PCDF elute rs under the 
condition ~ritie.d i Section 1 2.1. The retention times of these isomers are 
used t determi e he five homologue retention time windows that are used 
for quali ative (S J:tion 13.5.1) and quantitative purposes (Section 14.2.1 ). All 
peaks, including 3C -2,3,7,8-TCDD, are labeled and identified on the 
chromatogra(Tls. lnaividual selected ion current profiles (SICPs) are presented 
for each homologous series, as well as labeled compounds 

12.3.4 Retention times for the switching of SIM ions characteristic of one 
homologous series to the nex t higher homologous is indicated in the SICP. 
Accurate switching at the appropriate times is necessary for accurate 
monitoring PCDDs/PCDFs. Particular care must be exercised for the switching 
time between the last tetrachlorinated congener (1,2,8,9-TCDD) and the first 
pentachlorinated congener (1 ,3,4,6,8-PeCDF), which elute within 1 5 seconds 
of each other on the 60-m 08-5 column. Corrective action is required if these 
congeners cannot be resolved. 

12.4 Initial Calibration - Initial caJibration (ICAL) is required before any samples may be 
analyzed for PCDDs and PCDFs. Initial calibrations are performed annually and after 
significant instrument maintenance such that an acceptable continuing calibration 
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cannot be obtained following stabilization. . 
12.4.1 Tune the instrument according to section 12.1.1 .2. 
12.4.2 Inject 1 µL of the GC Window Define solution and acquire SIM mass spectral 

data. Verify that the criteria for this column performance check (Section 
13.2.2) is met pefore proceeding. 

12.4.3 Using the same GC and MS conditions, analyze a 1 µL portion of each 
calibration solution in order of lowest to highest concentration. Each point in 
the calibration must meet the conditions for ion abundance ratio and signal
to-noise ratio outlined in section 12.4. 7. If tbese criteria are not met, identify 
the cause of the error, perform appropriate corrective action and reanalyze 
the entire ICAL. 

12.4.4 Calculate the 1 7 relative response factors (Rfi) fort e target analytes [RF ; n = 
n 

Where: 

1-1 7, TABLE 4]. The response factors a e:tela ive JO the target analytes and 
the RFs for the internal standard~[RF; is 1,a to 32). The response factors 
for the cleanup standard [RFcs' ~s = sJj;Js als related to the recovery standard 
using the following equations: - , 

A~ and A~ sum of the integratect on abundances of the quantitation ions for 
uni ,t)eled PCDDs/~Dfs. 

A! and A? 
IS 'JS 

= sum of the inte~rate~ ion abundances of the quantitation ions for 
the internal standard PGE>Ds/PCDFs. 

= sum of the if1t1 gr~'ted fon abundances of the quantitation ions for 
the labeled ~ecov~rv standards. 

= integr: l e<:t'-ion abundance of the quantitation ion for the labeled 
clea~up sta pard. 

= quari.,tity.oj he internal standard injected (pg). 

quantity of the recovery standard injected (pg). 

= qu tity of the clean up standard injected (pg). 

= quantity of the unlabeled PCDD/PCDF analyte injected (pg). 

12.4.5 Calculate the mean response factors for the five calibration solutions: 

Where 
n = 
m = 
x = 

- Ll=1 RFn(J) RFn = ....._ _ ___.-.. 
x 

-- LJ=1 RFm(J) 
RFm= ---x 

The particular native congener (n = 1 to 1 7) 
The particular labeled congener (m = 18 to 26) 
The number of calibration injections, or solutions 
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j = 
RF = n 

RFn = 

RF -= 
Ill 

RFm = 

12.4.6 

Where: 

The injection number (or calibration solution number) 
Relative response factor of a particular native compound (n) relative 
to an appropriate internal standard, as determined from each 
injection 
Calculated mean relative response factor of a particular native 
compound (n) relative to an appropriate internal standard, as 
determined from the initial calibration injections (j) 
Relative response factor of a particular internal standard (m) relative 
to an appropriate recovery standard, as determined from each 
injection 
Calculated mean relative response factor of a P&(ticular labeled 
standard (m) relative to an appropriate re~ery s~ndard, as 
determined from the initial calibration inje~As (j) 

The relative response factors to be used f. ~~e determination of the 
concentration of total isomers in a noM ogolls series are calculated as 
follows: 
1 2.4.6.1 For congeners that balo~ to homologo s series with only one 

isomer (e.g., OCDIZJ' and OG:E>F) or only on~ 3,7,8-substituted 
isomer (TCDD PeuDD, 'pCDD, and TC~F), th'. 111ean RF used will 
be the sar;re 'a5 the mean RF for that;lpg 'e- isomer. 

12 .4.6.2 For conge ers that belong to a homolo'yous 'series containing more 
than oae..,2,3 7.,8-sabstituted iso e1) he,,l'T)ean RF used for those 
hom..12logous series is the mean ,of (tie Fs calculated for all 
indivi41,1al 2~,7,8-substituted;'lion eners using the equation below: 

Ii 

RFk= l~~Fn 
1l~ 

k = ~~ to~7 with 34=PeCDF.i as=H~EDF; 36=HxCDD; and 37=HpCDF 
(TABLE 4) 

t = total number of 2,3,7. 8-su~stituted isomers present in the 
c;alibration solu,t11>ns (?r.gj.Ch homologous series (e.g., two for 
PeCDF, four for xCD , three for HxCDD, two for HpCDF). 

Criteria f-Of'Acc:er.table [alibration - The criteria listed below for acceptable 
calibration must be m'et before sample analyses are performed. 
1 2 .4. 7 .1 The percent relative standard deviations for the mean response 

cto s [RF11and RFm1 for each native and labeled isomer must meet 
tfiet riteria outlined in TABLE 6, for the appropriate method. 

12.4. 7.2 The Ion Abundance Ratio for all native and labeled isomers must be 
the criteria outlined in TABLE 9. 

12.4.7.3 For each selected ion current profile (SICP) and for each GC signal 
corresponding to the elution of a target analyte and of its labeled 
standards, the signal-to-noise ratio (S/N) must be better than or 
equal to 10.0. 

12.4.8 Secondary Source Verification - Immediately following the analysis of the five 
calibration solutions, analyze the Initial Calibration Verification Standard 
(Section 8.6) to verify the accuracy of the calibration. The quantified values of 
this analysis must be within the criteria listed in TABLE 6. 

12.4.9 Initial Calibrations are required annually, or under the following 
circumstances: 
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12.4.9.1 When a CCAL does not yield acceptable results after appropriate 
corrective actions; 

12.4.9.2 Following significant instrument maintenance where subsequent 
column performance/continuing calibration verifications do not 
meet criteria once stabilized. 

12.5 Instrument Sequence: 
12.5.1 Once an acceptable initial c;alibration has been performed and verified 

through the analysis of the second source verification standard, sample 
analysis may commence. The following is an ~xample of a typical continuous 
analytical sequence: 

1 A Window Define Mix/Column Peefprm1\nce Check 

12.5.2 

2A CS3 
3A Method or Solvent Blank 
4A Batch QC/Sample 
1 B Window Define Mix/ 
2B CS3 
3B 
4B 

l C 
In the sequence,pb tve it.e!J1s 1 A through 4,'A re rf'sent the first 12-hour run 
sequence imm~Ciiately followed by the n :Xt. he key requirements for each 
sequence are as o lows: 
12.5.2.1 f'. Ma-s's R~solution Che~ is r:equ ted before and after each 12 hour 

eque ce, and must me t cnteria outlined in Section 13.2.1. 
rti6't1me of injection oft e last sample must not be greater than 
~~ hours after ti\~ injettion of the Window Define Mix/ Column 
Performance }:t'leck. 

12.5.2 3 Instrument c'c(n itions must remain constant during the 12-hour 
sequence a d no Jpjections may occur between the last injection of 
the 12 pour i;>, rJod and the ending mass resolution check. 

12.5.2.4 For Method 82 90A, and some specified contract requ irements, a 
CS3 -js r~ u· ed to be analyzed successfully at the end of the 12-
hour ~~quence. In this case, the time of injection of the CS3 must 
QOt be greater than 12 hours after the injection of the Window 
Q,efi Mix/Column Performance Check. This verification check 
must meet the criteria outlined in TABLE 6. 

12.5.2.5 When an ending CS3 meets the criteria for an opening CS3, it can 
serve as the opening CS3 for the following sequence (1 B). In this 
case, the start of the 12-hour shift is the injection time of the CS3. 

12.5.2.6 A System Blank or Method Blank is at the beginning of the 
sequence. 

1 2.6 Extract Analysis: 
Allow the extract to reach near dryness, add 20µl of recovery standard (Table 
3) to the final dry extract. Mix the extract well using the vortex 

12.6.1 Inject a 1 µl aliquot of the extract into the GC, and analyze via the DB-5 
column. 

12.6 .2 Acquire SIM data - Use the same acquisition and mass spectrometer operating 
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